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F THE LEADERS 
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HILL 175 TON INVERTED HY- 

DRAULIC PRESS, ONE SIZE IN 

A COMPLETE LINE MADE BY 

WALTER P. HILL, INC., IN 7) 
UTLER-HAMMER 


WHICH CUTLER-HAMMER MO- | i LED THREE DIMENSIONAL 
TOR CONTROL IS FURNISHED AS MOTOR CONTROL =| HYDRO-ROUTER MADE BY THE 


STANDARD ORIGINAL EQUIP- = Ms TURCHAN FOLLOWER MACHINE 
MENT. ~ m COMPANY. EQUIPPED WITH 
Se CUTLER-HAMMER MOTOR 

CONTROL. 


» TURCHAN TRACER-CONTROL- 


TANNEWITZ METAL-CUT- 
TING BANDSAW MADE 
BY THE TANNEWITZ 
WORKS. FURNISHED 
WITH CUTLER-HAMMER 
MOTOR CONTROL AS 
STANDARD ORIGINAL 
EQUIPMENT. 


CUTLER-HAMMER | 


== MOTOR conrRrot =... 
a —— 


DoALL CONTOUR-MATIC BAND- 
SAWING, FILING, POLISHING 
AND GRINDING MACHINES 
MADE BY THE DoALL COM- 
PANY. CUTLER-HAMMER MO- 
TOR CONTROL FURNISHED AS 
ORIGINAL EQUIPMENT. 


requirements. 

And it must make sense to any manufa 
machines that leading machinery builders do 
specify and insist in large degree on ‘ utler- 
Hammer Motor Control for the vital funct:ons In 
their products which are critical not only li their 
cost, but in the role these machines play in users 
plants. Cutler-Hammer Motor Control ‘> pre- 





In the competitive struggle for business, there are 
a certain few companies in every field that forge 
steadily ahead. Their products are preferred by a 
majority of users and they enjoy a position of 
marked competitive advantage. That their prod- 
ucts are preferred because these best fit the 
market’s needs is hardly necessary to be stated. 


cturer of 


But that their products are good because the 
manufacturers struggle endlessly to make them 
better is significant indeed. It is worthwhile noting 
these manufacturers exert the most rigid control 
of quality in raw materials, processed parts and 
purchased components. The more critical the 
product or the amount of money invested in the 
product, the more stern and exacting are the 


ferred because it has been proved . . . in thousands 
of plants over scores of years. Considering what 
the right motor control means, you too should 
specify Cutler-Hammer. CUTLER-HAM MER, 
Inc., 1310 St. Paul Avenue, Milwaukee |. Wis- 
consin. Associate: Canadian Cutler-Hammer, Ltd., 


Toronto, Ont. 
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Are engineering and professional societies failing to consider the welfare and 


economic status of engineers? 
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Stacked-washer cams — no-contact electronic link — pulley-reducer combination — 


curved triangular connection 
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Optimum clearances for hydraulic devices, considering heat generation in 


slip passages 
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Gear-Tooth Belt Drives _. ace By Herbert Chase 


How to use gear-tooth belts and pulleys for positive-action drives 
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Results of Navy studies on military units 
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Transistors . Ry By R. L. Bright 


Possibilities and uses in machine control applications 
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Operation, characteristics and drive applications 
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Mechanism of the Month Club 


To those perennial joiners who 
haven’t yet attained the distinction 
of becoming a member of the 
Caterpillar Club, Explorers Club or 
the Little Men’s Chowder and 
Marching Society, we’d like to sug- 
gest another possibility—the Mech- 
anism of the Month Club. The 
MoM Club, sponsored by Gale 
Dorothea Mechanisms Inc., offers 
its members a monthly “mechanism 
selection,” probably on the theory 
that busy hands make happy 
hearts. One of the recent selec- 
tions was a “low-priced ‘roller 
towel’ mechanism.” Not as you 
may think for wiping hands but ap- 
parently, from the description, a 
motorized gadget for continuously 
displaying a moving advertise- 
ment. What crass debasement of 
the kinematician’s subtle art! 


Music—Engineering—Roast Beef 


We realized only recently that 
a similarity exists between the 
occupations of music critic, tech- 
nical editor and gourmet. The rude 
awakening occurred after reading 
a bit by Virgil Thomson, retired 
New York Herald Tribune music 
critic, as quoted in Time. Said 


Thomson, “Unusual works have 
more news value than Toscanini 

. There is great validity in the 
constant performance of classical 
music, but the real news is devia- 
tion from the routine. For in- 
stance, I might be very fond of 
roast beef, but as food editor, I 
would find it exceedingly difficult 
to write very many interesting 
articles about the taste of roast 
beef.” As editors we can appreciate 
Thomson’s comment — but also 
must admit that we’re fond of 
roast beef. That’s why we'll al- 
ways try to provide a toothsome 
bit of meat in our article menu, 
as well as a tasty selection of un- 
usual and interesting news items 
and ideas. 


This Month's Cover 


Very often a subject that seems 
simple from a first view requires a 
lot of explanation—particularly in 
engineering. For instance, take 
this month’s front cover by George 
Farnsworth. As you’ve probably 
guessed, it’s a typical electric ad- 
justable-speed drive setup: speed 
controller, power unit, and motor. 
All you do is set the desired speed, 
punch the button, and you’re off 
to the races. Of course, the sub- 
ject is actually a whole lot more 
complicated. And a good idea of 
the engineering factors involved 
can be gained from Bob Rodgers’ 
article, “Adjustable-Speed Electric- 
Motor Drives,” on Page 185. 
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Reducing Costs 


Speed Reducers 





New Departure ball bearings are used in seven 
basic sizes of the Dodge single and double reduc- 
tion speed reducers, handling from 1 to 43 horse- 
Power at output speeds from 12 to 330 r.p.m. 


49 
TH \¥ 
+6» with NEW DEPARTURES = ~L!s uss 


Dodge Manufacturing Corporation’s Speed Reducers 
make good use of design advantages offered by New 


Departure snap-ring ball bearings. A 

The sr:ap rings locate the bearings in the case, eliminating 

the need for adjustment. Doing away with threaded or 

Fo les devices permits straight-through boring of 

he housing. Thus split-case construction is highly prac- L 

tical, and assembly is greatly simplified. The result is a BALL BEARINGS 

ngid, highly efficient unit, and one in which production 

costs have been kept to the minimum. 

les NEW DEPARTURE © DIVISION OF GENERAL MOTORS © BRISTOL. CONNECTICUT 
tm what New Departure can do for your product. Plants also in Meriden, Connecticut, and Sandusky, Ohio 


Talk with your New Departure sales engineer—today! Ps enene: Resinage legeemien, 108. St. Ooi co 





— NEW DEPARTURE SALES ENGINEERING OFFICES—AT YOUR SERVICE 


BRISTOL 269 North Main St. 2-6371 DETROIT 7-122 General Motors Bidg. Trinity 2-4700 KANSAS CITY 1021 E. Linwood Bivd. Valentine 4939 
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; . ial 4 
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Carbon-Steel Castings 
Minimum Standards Proposed 


New suggested minimum stand- 
ard for commercial carbon-steel 
castings has been announced. 
Adopted by the Steel Founders’ 
Society of America, the new 
standard is said to present found- 
rymen with a workable minimum 
specification. 

Commercial carbon-steel cast- 
ings representing readily weldable 
materials are covered by the pro- 
posed standard. Specifications, 
according to the Society, are not 
meant to replace other specifica- 
tions now in use. Rather they are 
a practical approach to the fuller 
use of properties inherent to cast 
carbon and low-alloy steel. 

Greater latitude possible in steel 
casting production by using the 
proposed standards is shown by 
comparison with the American So- 
ciety for Testing Materials speci- 
fication A27-52T. The ASTM 
standard specifies a maximum 
percentage of chemical elements 
for each of several grades, each 
grade having its own minimum 
tensile strength and yield point. 
The proposed Steel Founders’ 
standard lists one table of maxi- 
mum percentages of composition. 
Similarly, there is only one me- 
chanical property minimum. Thus, 
foundries have greater flexibility 
in choosing chemical composition. 

Riser and gate finishing, heat 
treatment, repair of defects and 
methods of inspection and testing 
are also covered in the recom- 
mended standard. 

According to the Steel Found- 
ers’ Society, several foundries have 
adopted the recommended mini- 
mum standard. Use of the stand- 
ard is to be a matter of volun- 
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GOING UP: Self-contained, motorized bomb lift pictured here is 
reported capable of easily handling bombs up to 4000 pounds. 
Designed and built by Standard Mfg. Co. of Dallas, the mechanism 
can rise to approximately 15 feet on its 9-section telescopic hy- 
draulic ram. Two double-enveloping Cone-Drive = sets power 
accessories to the lift. One drives a winch to drag the bombs 
from storage to the lift; the other powers the lift arms that raise 
the bomb from the ground onto the ram 
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tary agreement between the found- 
ry supplying the steel casting and 
the buyer. The Society empha- 
sizes that improvements on these 


suggested minimums are not to be 
influenced by the proposed stend- 
ard. These specifications are ©xX- 
pected to be used only where n0 
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RADIATOR TANK made of Formbrite shown before polishing and after chromium plating. Halves are assembled with a lock seam and 
soldered together with baffles inside. Intake spout, overflow tube and connecting fitting are also attached. 


New fine-grain drawing brass cuts rejects from 137 to under 1/ 


These radiator tanks—used in a lead- 
ing sports car—were first made of ordi- 
nary drawing brass. 

But Morrison Steel Products Com- 
pany, Buffalo, N. Y., found this brass 
wasn t stiff enough after forming. Dur- 
ing handling, polishing and plating, 
many dents and nicks appeared on the 
surface. Rejects ran at about 13%. 

Then Morrison turned to Form- 
brite* — Anaconda’s new fine-grain 
drawing brass. Here’s what happened. 

1. Rejects dropped to less than 1%. 

2. Appearance of the final plated 

tank (very important ina sports 
car) was so much improved that 
now Formbrite is specified for all 

these tanks. 
- Polishing costs were sliced almost 
in half. 
WHY MORRISON FOUND FORMBRITE 
BETTER, CHEAPER TO USE 


Formbrite has a superfine grain. Pro- 
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duced by special methods of rolling 
and annealing, this grain is so fine that 
often a simple color buff brings it to a 
bright, lustrous finish. (Compare mag- 
nification of Formbrite Drawing Brass 
with that of ordinary drawing brass, At 
right. ) 

Formbrite is harder, stiffer, springier 
and more scratch-resistant. It resists 
denting and deforming. Yet Formbrite 
is surprisingly ductile readily 
stamped, formed, drawn and em- 
bossed. And Formbrite plates beauti- 
fully. 

; NO EXTRA COST 
Premium price for this premium metal? 
Not at all. Formbrite costs not a penny 
more than ordinary drawing brass. It 
comes in sheets, strips and coils—in all 
commercial widths and gages. 


FREE SAMPLE 


The way to find out about Formbrite 
is to try it yourself. Ask for a sample 


and more information. Just write to: 
The American Brass Co., Waterbury 
20, Conn. In Canada: Anaconda Amer- 
ican Brass Ltd., New Toronto, Ont. 


*Reg. U. S. Pat. Off. 5487 


75x magnification of 


75x magnification of 
superfine-grain Formbrite. 


ordinary drawing brass. 


FINE-GRAIN DRAWING BRASS 
an ANACONDA® product 


Made by 
THE AMERICAN BRASS COMPANY 
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tubing shapes up like this at OSTUCO 


We start with these basic shapes . . .then we forge and fabricate 
carbon and alloy steel tubing to your exact specifications all under 
one roof. One purchase order takes care of all details. If you 
would like to know more about our “single source service,” send for 
our newest catalog, “Ostuco Tubing” . . . better yet, send 
your blueprints for prompt quotation. 


OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company « SHELBY, OHIO 


Birthplace of the Seamless Steel Tube Industry in America 


SEAMLESS AND SALES REPRESENTATIVES: BIRMINGHAM @ CHARLOTTE @ CHICAGO 
CLEVELAND @ DAYTON e DENVER e DETROIT (Ferndale) @ HOUSTON e LOL ILLE 

ELECTRIC WELDED LOS ANGELES (Beverly Hills) @ MOLINE @ NEW YORK @ NORTH KANSAS C 

STEEL TUBING PHILADELPHIA @ PITTSBURGH @ RICHMOND @ ROCHESTER @ ST. LOUIS @ ST. °AU! 
SALT LAKE CITY @ SAN FRANCISCO e@ SEATTLE @ TULSA @ WICHITA 
: CANADA, RAILWAY & POWER CORP., LTD. 
and Forging EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 

117 Liberty Street, New York 6, New York 


—Fabricating 
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Engineering News Roundup 





customer specification calling for 
a different quaiity level appears 
on an order. 

Copies of the recommended 
standards are available free by 
writing to the Steel Founders’ So- 
ciety of America, 920 Midland 
Bldg., Cleveland 15, Ohio. 


Giant Jeep Designed 
To Go Almost Anywhere 


Exploration of swamps, deserts, 
deep snow or any type of unstable 
terrain is said possible with a new 
23-ton vehicle. Called the Sno-Bug- 
gy, the machine was designed by 
R. G. LeTourneau Inc. for use 
where transportation by ordinary 
land vehicles, boats or aircraft 
may be difficult or impossible. 

Eight tires made by Firestone, 
each 10 feet high by 4 feet wide, 
support the machine. Tire air pres- 
sure may vary from 4 to 25 psi 
depending upon the weight being 
carried. Weight can be added for 


Head-on view of the new LeTourneau Sno-Buggy de- 
signed to travel across deep snow, soft sand or muddy 


Size comparison of the Sno-Buggy with a standard jeep. Behind the op- 
eratur’s cab is the 400-hp engine-generator and the 580-gallon fuel tank 


ground gripping or reduced for 
flotation. 

Four electrically-driven wheels 
power the Buggy at speeds of about 
8 mph forward or backward. Each 
wheel has its own electric drive 
motor powered by a _ generator 
driven with a 400-horsepower en- 
gine. Fuel for the generator en- 
gine may be gasoline, diesel oil or 
liquefied petroleum gas. 

All operations, including steer- 
ing, are electrically controlled by 





wide. 


small switches. Method of braking 
is a regenerative electric system. 
For emergency stops and parking, 
spring-loaded bimetallic friction 
brakes set automatically when the 
electric drive motors are turned 
off. 

Overall width of the Sno-Buggy 
is 24 feet. Overall length is 2714 
feet and ground clearance is 3% 
feet. Outer tires may be removed, 
reducing the width to 15 feet if 
desired. 


swamps. Each of the tires is 10 feet high and 4 feet 
Total width of the vehicle as shown is 24 feet 





en 
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Newly developea, a 300-horsepower gas turbine is Notable difference in outward appearance of the 
being tested for passenger buses. Called a Whirl- bus is the absence of rear windows and the ex- 
fire Turbo-Power unit, the engine has been in- haust stack discharging through the rear roof 
stalled by General Motors in a GMC transit coach. panel. Driver’s controls are conventional 


Closeup of the engine installation, 

right, shows the gasifier-compressor 

at the left and the single combustor 

above it. Exhaust duct ts at the right. 

A portion of the Vee-drive transmis- 

sion housing can be seen to the far 
right 


New General Motor’s GT-300 gas 
turbine, below, is made up of two 
mechanically independent compon- 
ents, the gasifier or gas generator 
section, left, and the power-turbine 
transmission section, right. A flex- 
ible duct transmits the working 
fluid from the gasifier to the power 
turbine 
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NEW AVAILABILITY... 
SHAPES AND LENGTHS 
NEVER BEFORE EXTRUDED 


a hew 


hspector che king special ex- 

— shapes offered in a wide 

mely of alloys and sizes. 

] 

* Annual Meeting, The Magnesium Association, 
louis, Mo. November 15-17 


Magnesium bars, rods, shapes and 
tubing. Available in diameters or 
cross sections up to 10 inches. 


Magnesium extruded shapes ready for immediate shipment. 


at Magnesium! 


Designers and cost-conscious production men have found the answer t 
their problems in many applications with magnesium extrusions—now 
produced by new Dow facilities. Standard and special shapes, bars, rod: 
and tubing—all are readily available in alloys which save weight, ad 
strength, cut costs. Get information on magnesium from your neares 
Dow sales office or write THE DOW CHEMICAL COMPANY, Midland, Michigan 


This coil of magnesium s 
started through the 84-inch 
mill as a one-ton rolling in 


World’s first 84-inch magnesium 
coil mill now rolls sheet and plate in 
greater lengths and widths. 


you can depend on DOW MAGNESIUM 
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FAIR GAME is this realistic winged tow target 
for jet fighter gunnery practice. Weighing 1400 
pounds, the target has a 25-foot wing span and 
may be towed as far as 2 miles behind the tow 





may be towed at speeds in excess of 500 mph. 
It can be made to maneuver either automatically 
or by direct control from the tow plane. On 
landing, a parachute slows the target to a stop 


plane. 





Because of its design, the all-metal target 


when the tow cable is released 








Giant Test Cells 
Tame Jet Engine Noise 


Quieting the roar produced by 
jet engines is successfully accomp- 
lished by these six test cells, each 
about as high as a _ seven-story 
building. Covering about 100,000 
square feet, the cells are located at 
Ford Motor Company’s aircraft en- 
gine plant in Chicago. When in 


operation they are said to elimi- 
nate engine noise beyond 100 feet 
from the testing area. 

Designed by Armour Research 
Foundation, the test facility in- 
cludes control rooms, office, labora- 
tories and storage sections. Each 
cell consists of air intake ducts 20 
feet by 20 feet feeding 350,000 cu- 
bic feet of air per minute. Cooling 
of exhaust from 3000 to about 400 


F is accomplished by passing ex- 
haust gases through an air tube 
buried in the earth and by mixing 
them with water. An exhaust sec- 
tion is made of 1-foot thick con- 
crete lined with 3 inches of sound- 
absorbing mineral wool. ‘Sound 
waves are channeled through a se- 
ries of 180-degree turns which re- 
duce their intensity to about one- 
millionth of the original value. 
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Stee! Center 
Shifts Six Miles 

In the category of handy in- 
formation to have around is the 
location of the steel-making capac- 
ity center of the United States. 

Beaverdam, in Allen County, 
Ohio, was the geographical center 
in 1952. During the past two 
years, according to the American 
Iron and Steel Institute, the cen- 
ter has moved about 6 miles south. 
In 1951, the geographical center 
was at Mt. Corey, Ohio, about 10 
miles northeast of the present cen- 
ter. Beaverdam, Ohio, is about 
60 miles southwest of Toledo and 
has no steel mill of its own. 

The steel industry now consists 
of 255 companies having 430 
plants in 31 states. Total area 
covered by these plants is said to 
be over 80 square miles. 

Pennsylvania, Ohio, Indiana and 
Illinois are the leading states in 
hot-rolled steel capacity. Among 
the states that have advanced in 
rank in the past three years are 
New York, now in sixth place, and 
Texas, now in eleventh place. Dur- 
ing the past three years, Pennsyl- 
vania had the largest increase, fol- 
lowed by Ohio and Indiana. 

Nebraska, which was not on the 
steel map a few years ago, has 
acquired steel finishing capacity 
without becoming an ingot maker 
or a hot-rolled steel producer. 
Texas now leads in capacity for 
making electric-weld pipe, while 
Pennsylvania is the leading state 
in butt-weld pipe capacity. 

National steel making capacity, 
reported by AISI, increased near- 
ly 16 million tons from the start 
of 1952 to 124.3 million tons a 
year at the beginning of 1954. 


Westinghouse Electric Corp. re- 
cently broke ground for its new 
metals plant at Blairsville, Pa. 
When completed, the plant will 
bridge the gap between research 
and the commercial application of 
metals and alloys in the electrical 
industry. It will work closely with 
the new Westinghouse Research 
Center in the development and ap- 
plication of new metals. 
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GIANT SPINNING LATHE spins a 14-foot dome for air-condi- 
tioning equipment. Said to be one of the worlds largest, it can spin 
shapes up to 180 inches. Hydraulically controlled, the lathe was 
built by Pheonix Products Co. of Milwaukee and is powered with 
a 50-horsepower motor. Speed, clutches, brakes, and all movements 
of the tailstock are controlled from a portable control panel. Alum- 
inum up to 34-inch thick may be spun to a depth of 72 inches 


Copper Survey 
Says We Have Enough 


First of a new series of quarter- 
ly reviews of the copper industry 
issued by the Copper Div., Business 
and Defense Services Administra- 
tion, indicates that copper “is for- 


tunately in ample supply to meet. 


any foreseeable demand.” 
According to William A. Meiss- 
ner, Jr., deputy director of the 








Copper Division of BDSA, all three 
sources of domestic supply are im- 
proving. He reports that mine 
production, net imports, and scrap 
all show promise of substantial in- 
creases in both the short and the 
long-term views. 

This first quarterly survey deals 
mainly with prospective copper 
supplies during 1954. Tables and 
charts were compiled from data 
supplied by the Bureau of the Cen- 

(Continued on Page 24) 








Over 1,000,000 


OVER A MILLION families wash their clothes in Laundromats, 
Westinghouse also does a big export business, so these machines have 
to be trouble-free. 


























b.. wal \ \ 
HERE, a man installs the main suspension springs. The springs are AS UNIT IS INSTALLED in shell, man holds top damper spring. \oU 


» periodically tested to meet severe 450 c.p.m./%-inch amplitude, vibra- damping blocks on end of flat spring to reduce excess movement. 
tion tests. 
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Laundromats in use, but... 


“We've never had a failure with 


American Quality Springs” 


HE Westinghouse Laundromat has been a household 
T word ever since the first unit rolled off the production 
line in 1940. Since then, Westinghouse has produced over 
1,125,000 Laundromats. Despite many important im- 
provements, the superb spring suspension system has 
stood the test of time. It’s the same today as it was in 
1940, because it was designed so well in the first place. 

Three different styles of American Quality Springs are 
used in the Laundromat. The coil springs support the en- 
tire weight of the machine within its shell. The flat steel 
springs contain friction dampers that limit excessive 





says WESTINGHOUSE ELECTRIC CORPORATION 





AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 





movement caused by an unbalanced load during the spin- 
dry cycle. 

Failure of a coil spring could damage the entire ma- 
chine. At the least, it would mean an expensive service 
call. But, because of the efficient design, and the com- 
pletely reliable American Quality Springs, no spring has 
ever failed in a Westinghouse Laundromat. 

If service like this makes sense to you, get in touch with 
your nearest American Steel & Wire representative. We 
make all kinds of springs, any steel, any finish. And you'll 
get the same kind of quality that Westinghouse gets. 






















COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS * UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U-S-S American Quality Springs 
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WESTINGHOUSE LAYS DOWN rigid specifications for their American 
oe Springs, proving their motto, “Quality must be built into a 
product.” 





BOTTOM DAMPER springs are installed. Because of the entire engineered 
Suspension, Laundromat was one of the first washers that didn’t have 
to be bolted to floor. 
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(Continued from Page 21) 

sus, Department of Commerce, Bu- 
reau of Mines, Department of the 
Interior and other sources. A fu- 
ture publication will deal with long 
range expectations. 


Brush Electronics Co. has an- 
nounced its further expansion in 
the electronics field with the pur- 
chase of the Digital Instrument 
Co. Electronic counters formerly 
manufactured by Digital will be 
integrated into the Brush line, 
Brush president W. R. Burwell, 
announced, M. C. Burns, former 
Digital president, will serve as 


MIRROR TURBINE is the heart of this high 
speed camera, capable of producing up to 2.4 mil- 
lion high-resolution photographs per second. Im- 
ages are focused on a stainless or alloy-steel tur- 
bine-mirror through a highly corrected 24-inch 
achromatic lens and relayed to the film through 


72 Eee 


24 


manager of Brush’s new Digital 
Instrument Dept. 


Cabinet Committee Will 
Study Engineer Training 


A Cabinet committee on the 
training of scientists and engineers 
has been appointed by President 
Eisenhower. The committee, ac- 
cording to the Engineering and Sci- 
entific Manpower Newsletter, in- 
cludes the secretaries of Commerce, 
of Labor, and of Health, Educa- 
tion, and Welfare, the Assistant 
Secretary of Defense for Man- 
power, the directors of the Atomic 
Energy Commission, of the Nation- 





an appropriate optical system. Helium drives the 
turbine at speeds up to 10,000 
Beckman and Whitley, the camera is expected to 
fulfill needs of research workers in the fields o! 
combustion, corona discharge, explosion, shock- 
wave phenomena, and plastic Eivaeaten 


al Science Foundation, and of the 
Office of Defense Mobilization. 
Realization of the rapid advances 
in Soviet science and technology, 
and of the phenomenal growth of 
Russia’s manpower pool of engi- 
neers, scientists, and technicians, 
in contrast with the shrinkage of 
our professional output, was an 
important factor in prompting 
Presidential action. The commit- 
tee will learn, says the Newsletter, 
that the tide of diminishing stu- 
dent enrollments has turned in cer- 
tain fields, although the number of 
graduates has continued to decline, 
reaching its low of 19,000 in engi- 
neering this year. The upturn in 
chemistry is not expected for an- 


rpm. Made by 
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NEW HORIZONS IN ENGINEERING 
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y of f ef “Hot end” components 


Jet engine performance is measured in terms of “‘specifics”. “‘Specific thrust” 
is pounds of thrust per pound of air per second. “Specific weight”’ is pounds 
of engine weight per pound of thrust. The goal is always more and more thrust 







RADAR ANTENNA SYSTEMS 









for less and less weight. design, development and fabrication 
In this quest, the ability to produce higher “‘specific thrusts” at lower JET ENGINES — 
an P ° 9 ° ° . manufacture of major hot-end components 
specific weights” depends on the ability to handle ever-increasing tempera- THERMODYNARNCS 
tures, and is therefore a direct measure of the success of new designs. To this design, development and fabrication of 
end, the ingenuity of engineers and metallurgists is constantly taxed to achieve equipment to operate on advanced theories 
durability at higher temperatures through better design and better materials. GUIDED MISSILES 


advanced fabricating techniques 







Jet engine “hot end’? components and other complex fabricating problems TITANIUM 
° : cerces : : proven welding, forging, forming, spinning 
are not new to I-T-E’s Special Products Division. Its engineers and production Caeens at ieisamt ae 
men have specialized in solving the problems involved in tooling for and SPINNING 
producing “thot end’’ components of hard-to-work alloys in complex designs. combining spinning and drawing to an almost 
limitless variety of designs in a wide range 





of metals 


Perhaps these men can help you with your problems. | 


Why not send for Publication SP-100-M-10 today. 
It shows what has been done to help others. 












SPECIAL PRODUCTS DIVISION 


UTES 1-T-E CIRCUIT BREAKER COMPANY 
601 East Erie Avenue e Philadelphia 34, Pa. 


Progress through Problem Solutions SP 10.5 
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G IDEAS ® FOR D 


HITE FLEXIBLE SHAFTS 
ELIMINATE 


ESIGN ENGINEERS 


NT AND VIBRATION 
PROBLEM 


By coupling the tuning knobs 
to variable circuit elements with 
S.S.White remote control flex- 
ible shafts, the designer of the 
radio equipment illustrated 
was able to eliminate all prob- 
lems of alignment and thus 
simplify assembly. The shafts 
also dampen vibration, pre- 
venting it from being carried 
to the sensitive parts of the 
circuit. 


Cn @, e 
OR Lie moustaiat DIVISION 


. . DENTAL MFG. CO. 


WHAT ABOUT YOU? 


You'll find S.S.White remote con- 
trol flexible shafts the answer to 
many similar design problems. It 
will pay you to investigate their pos- 
sibilities in your own product. Our 
engineers stand ready to answer 
your questions. There’s no obliga- 
tion, of course. 


BULLETIN 5306 has basic 
information and data on 
flexible shaft application and 
selection. Send for a free 
copy. Address Dept. 4. 





10 East 40th Street 
NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 
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other year or two, and then only 
at the B. A. level. In mining en- 
gineering, the earth sciences, ce- 
ramics and physics, enrollments 
are still low, with no improvement 
in prospect. And in no field is the 
improvement enough to take care 
of cumulative deficiencies. 





MINIATURE COAXIAL 
RESISTORS have been 
specially designed for ap- 
plication as _ coaxial-cable 
termination resistors by 
Hanson Electronics of Los 
Angeles. Replacing the 
familiar 1/-watt tubular re- 
sistor, the new units may 
be used in miniature elec- 
tronics equipment where 
improved frequency  re- 
sponse is desired. Made by 
the same process used for 
manufacturing tape resis- 
tors used in printed circuits, 
they are lightweight and 
will withstand high heat 





Face Increased Demand 
For Synthetic Lubricants 


Over 1.7 million gallons of syn- 
thetic lubricants for jet engines 
will be required during the next 
three fiscal years, announced 
Thomas P. Pike, assistant secre- 
tary of defense, recently. Demand 
will also increase substantial’y in 
the years beyond 1957, he stated. 

Consumption applies to syn- 
thetic lubricants of a quality suit- 
able for high-thrust jet engines to 
power the latest jet bombers, ‘ight- 
ers and interceptors. Future high- 
performance military and commer- 
cial jet aircraft are expected t) use 
these lubricants in gas turbine e2- 
gines. 

Mr. Pike indicated that the al 
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nouncement of current and future 
military requirements was being 
made to point up the need for ex- 
pansion in the field of synthetic 
lubricants in order to meet future 
requirements. 


e e @e VIDIGAGE combines an ul- 
trasonic generator and a 21-inch tele- 
vision tube to measure thickness and 
detect laminar flaws nondestructively 
from one side of the piece being 
measured. Bright lines projected on 
the TV tube screen indicate thickness 
of the piece being measured, which 
may be read directly from scales on 
the tube. Ultrasonic waves generated 
by the device cause the piece being 
measured to resonate at a frequency 
dependent on its thickness, and the 
bright lines on the screen indicate 
this dimension. Range of the Vidi- 
gage is from 0.0012 to 2.5 inches with 
accuracy of 0.1 per cent. Greater 
thickness can be calculated. 





New Alloy May Make 
Good Steel Substitute 











PROVIDES 
POWER 















5. S. WHITE FLEXIBLE SHAFT 


LOW cosT 
DRIVE 
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All that was needed to 
drive the 3%-ton service 
car crane, illustrated here, 
was an easily installed - 
%” §.S.White flexible 
shaft connected to a sim- 
ple power take-off at the 
transmission. Contrast this 
to the number and com- 
plexity of the parts and 
the time-consuming  as- 
sembly operations that 
might have otherwise 
been required. 



































A lightweight titanium alloy 
considered suitable as a replace- 
ment for steel in military weapons 
has been developed for the Ord- 
nance Corps by Armour Research 
Foundation of Illinois Institute of 
Technology. 

About 40 per cent lighter than 
high-strength steel, the alloy will 
greatly increase mobility of heavy 
Weapons and tanks. Tests have 
shown that the alloy is highly 
corrosion resistant and has prop- 
erties comparing favorably with 
the steel used in making weapons. 

Tensile strengths up to 192,000 
Psi have been shown, which is 
about 42,000 psi stronger than any 
commercial titanium alloy now 
manufactured. 

Although the tests are not yet 
conclusive, Ordnance officials con- 
sider the alloy as a potential sub- 
stitute for steel in many ordnance 
components. 





Eighth New England Conference 
o Quality Control will feature a 
sToup of seminar discussions. An- 
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SAVE WITH S.S.WHITE FLEXIBLE SHAFTS 


Wherever they are used, S.S.White 
flexible shafts offer definite savings 
in assembly time and costs. They 
eliminate unnecessary parts, they 
do not require alignment and they 
are readily adaptable to space, op- 
erating or servicing requirements. 


BULLETIN 5306 gives details 
on how to select and apply 
flexible shafts. Send for your 
copy. Address Dept. 4, 





ofe, bee ge 
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DENTAL MFG. CO. 


Western District Office * Times Building, Long Beach, California: . 
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10 East 40th Street 
NEW YORK 16, N.Y. | 
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Cork-and-rubber tape 
stops skids and squeaks 


Non-skid feet for table radios—sound and shock-absorbing cush- 
ions for diesel engines—protection for television tubes in ship- 
ment: these jobs and hundreds more are being handled by Arm- 
strong DK-153 Cork-and-Rubber Tape. 


This versatile material is used by manufacturers in many ways. 
In automobiles, it soaks up squeaks and rattles in metal-to-metal 
contacts. In aircraft, DK-153 cushions and protects vital wiring. 
Telephones, adding machines, and other office equipment have 
skid-proof pads of DK-153. 


Use DK-153 wherever a springy, non-skid cushion is needed. It 
is easy to handle—comes in sheets, rolls, or die-cut shapes. It’s 
backed with a pressure-sensitive adhesive that will stick it to any 
clean, dry surface. 

For samples of DK-153, write on your letterhead to Armstrong 
Cork Company, Industrial Division, 

7310 Dean Street, 
Lancaster, Penna, 
Available for export. 









Cork-and-rubber 





Tacky adhesive \ 





Protective backing } 





By 4] 
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fa ARMSTRONG’S 
: DK-153 TAPE / 
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nounced by the American Society 
for Quality Control, the seminars 
will take place on October 22, the 
second day of the three-day meet- 
ing. Managing of the quality con- 
trol function will be discussed dur- 
ing three six-hour sessions. Or- 
ganizing a defect-prevention pro- 
gram, supervision of an inspection 
department, customer relations, 
and staffing and budgeting are a 
few of the subjects to be consid- 
ered. Details of the seminars as 
well as the entire conference may 
be obtained by writing to American 
Society of Quality Control, Box 
1681, Southern Connecticut Sec- 
tion, Bridgeport 1, Conn. 
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| Aircraft Structure Data 


Will Be Summarized 


Unrelated and _ unco-ordinated 
results of a vast amount of recent 
research on aircraft structural 
strength will be summarized and 
digested in a new aircraft struc- 
tures encyclopedia to be written 
by New York University aeronauti- 
cal engineers. The new encyclo- 
pedia is expected to make possible 
more effective use of engineering 
manpower in a field with a large 
turnover rate. 

According to spokesmen for the 
aircraft industry, summaries of the 
structural research done at vari 
ous universities, by the NACA and 
test data from aircraft companies 
are badly needed. A great num- 
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ver of relatively inexperienced en- 
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on gineers, it has been noted, are cur- | 
the rently designing airplanes, and = 
et. fg the turnover rate among aeronauti- | | ED DESIGN jim rT ee 
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ns, are available in all types and ~ 
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i ff New Method for Joining ~sizes for all applications 
as _ e e 
ay § Porcelain Enamel Lined Pipe co ) 
an Whatever your drive problem, 
ox Maintaining the effectiveness there's a WALDRON Coupling 
a d the pevestatn-cnamats mg to meet it. All-steel couplings for 
pipe is difficult using standard , 
methods of joining, according to rugged work, all-nylon couplings 
= the Barrows Porcelain Enamel Co. where the corrosion problem is 


In order to eliminate expensive 
prefabrication in installation, the 
company has developed a new 
method by which joining can be 
accomplished in the field. 
Porcelain-enamel coated inserts 
of light-gage metal are placed in 


present, combinations of both for 


a variety of special problems. 













Whichever you use, the 
WALDRON design and construc- 


tion is your assurance of long 





trouble-free service. The best 






known name in Couplings — 
WALDRON ! 








Above—Steel 
Coupling On 
Tunnel Fan 













Above—All Nylon, 
Non-Corrosive Type 










Combination Nylon 


Floating Shaft Type Hub and Steel Sleeve 


For Steel Mill 












Porcelain - enamel lined pipe weld |_| WALDRON couplings are 
shown above illustrates how the __, available in sizes up to 18" 
glass coating of the insert is fused Se taalablix saegiead 

to the glass lining of the pipe For Unusual applications 






’~ and services. We would be 






> pleased to send you our 
each of the pieces of pipe to be tetest bulletin 55M upon 


joined. Ends of the pipe are Benwd SER 
brought together and welded with 
a2 oxyacetylene weld. Since the 
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THE WAY TO CUT... 


Lost of imitation 


If you are using an expensive type of bearing because 
a competitor of yours uses it you are needlessly saddling 
expense onto your product if the job could be done as 
well or better with a less expensive type—as for example 
the cast bronze sleeve bearing. 

Your customer buys your product because it does 
a job he needs done in the way he wants it done. Your 
company’s name and reputation support your product, 
and the mere fact that you include unnecessarily expensive 
bearing types is not a factor in the sale. We suggest 
you examine your present designs to determine 
if there are not places where the sturdy, simple, 
cast bronze sleeve bearing can help you toward 
necessary cost reductions. 











There is a Bunting Engineer near you. 
Consult him. Or write our 
Product Engineering Department in Toledo. 


Bunting. 


BRONZE BEARINGS + BUSHINGS « PRECISION BRONZE BARS 


The Bunting Brass & Bronze Company « Toledo 1, Ohio 


Branches in Principal Cities ¢ Distributors Everywhere 
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heat of the welding operation 
fuses the glass coating of the in- 
sert to the glass lining of the pipe, 
corrosive liquids cannot reach the 
steel base metal. It is claimed that 


- a good pipe welder will require 


very little more time with this 
method than for welding ordinary 
pipe. 

This type of piping is said to 
be useful where pipe may be sub- 
ject to corrosion and in processes 
where a catalyst is contaminated 
by contact with certain metals. 
New applications at lower cost 
where high temperatures are used 
are expected to be found. 





ONE-HALF TON CAPA- 
CITY vacuum furnace for 
melting and centrifugally 
casting high-temperature al- 
loys is said to be the world's 
largest. Built by F. J. Stokes 
Machine Co. for Utica Drop 
Forge and Tool Corp., the 
furnace will be used to mac 
high-purity alloys of super- 
ior heat-resisting propert:cs 
for use in turbine blades a 
disks of jet engines 





AGMA Index for July, 1954, 
shows an increase of 10.9 per cent 
compared to June, 1954. Juse fig- 
ure was 127.4. April, 1954, figure 
was 158.2, dropping to 134.2 for 
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May. AGMA index figures are com- 
puted from a base figure of 100 
which represents the 1947 to 1949 


























“Well, back to the drawing 
board... .” 











Giant Shovel 
Will Scoop 100 Tons 


Said to be the biggest land ve- 
hice in the world, a new all-elec- 
trie stripping shovel is being built 
by Marion Power Shovel Co. 

To be electrically powered by 14 
General Electric motors developing 
a maximum of over 7500 hp, the 
shovel is expected to handle nearly 
100 tons of rock and earth at each 
pass. Boom of the shovel is 150 
feet long and is said to be larger 
than any previously built. As high 
a a 12-story building, the machine 
is claimed to be the largest land 
Vehicle in the world. 

Electric power will be transmit- 
ted to the shovel from a portable 
3000-kva substation. Two motor- 
seherator sets will supply de power. 
One will be driven by a G-E 3500- 
hp, 3500-kva, 1200-rpm_ synchro- 
hous motor. This will drive four 
400-kw hoist generators plus one 
330-kw crowd generator. The other 
motor-generator set will consist of 
4 1000-hp synchronous motor driv- 
ing two 330-kw de generators for 
Supplying power to four swing 
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How this camera helped A:B: DICK 
meet a tight production schedule 


It was like this: A. B. Dick Company was about ready to put 
their new Azograph duplicator on the market. But a centrif- 
ugal clutch was giving some trouble. Problem was not 
only to find what was wrong in a part moving too fast to 
see: whatever was done to correct the trouble had to be 
right the first time. The production schedule called for first 
deliveries in a few months. 

So the company’s Mechanical Research Laboratories 
used their Kodak High Speed Camera, which can take 
movies so fast that the action appears slowed down as 
much as 200 times when the film is projected at normal 
speed. They took movies of their unsatisfactory clutch in 
action, movies that showed gravitational forces at work, 
as well as the centrifugal ones, movies that suggested what 
to do. Then they changed the design and took more high 
speed movies. This time the movies showed that the clutch 
was right. And the movies convinced management that it 
was safe to go ahead with production. 

All this was accomplished with a total of twelve 100-foot 
rolls of film. The Kodak High Speed Camera can do as 
much for many another plant that deals with fast-moving 
parts, processes, or fluids—has done so for manufacturers 
of products as diverse as beet harvesters, cigarette lighters, 
glass casseroles, breakfast cereals, and railroad locomo- 
tives. 

Taking up to 3200 pictures a second on 16mm film, it 
has the right speed range for most industrial applications, 
requires no elaborate auxiliary equipment or engineering. 
You can find out more about how the Kodak High Speed 
Camera works and what types of problems others have 
solved with it by sending for your copy of “High Speed 
Motion Picture Making in Industry.” 


Industrial Photographic Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 


the Kodak 


HIGH SPEED Camera 











































LUBRIPLATE 
LUBRICANTS 


The introduction of LUBRIPLATE Lubri- 
cants established a new high standard 
for industrial lubrication. Now, a re- 
cently patented improvement in the 
production of LUBRIPLATE results in 
even greater lubrication efficiency. Under 
today’s operating costs, reduction of 
down time, less parts wear and replace- 
ments, as well as lower power consump- 
tion, far outweigh any differential in the 
initial cost of LUBRIPLATE Lubricants. 


For nearest LUBRIPLATE distributor see 
Classified Telephone Directory. Write 
for your free copy of the new and en- 
larged LUBRIPLATE DATA BOOK—a most 
valuable treatise on modern lubrication! 


LUBRIPLATE DIVISION 


Fiske Brothers Refining Co. 
Newark 5, N. J. * Toledo 5, Ohio 
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motors. Hoist motion will be 
powered by four 450-hp motors. 
There will be four vertical-swing 
motors totalling 750-hp and two 
crowd motors each 187% hp. 
The control equipment will in- 
volve an amplistat-amplidyne com- 
bination for each of the three 
motions to give maximum con- 
trol of acceleration, overshooting 
and plugging with flexibility and 
ease of operation. Amplidyne mo- 
tor field control equipment will be 
used with the 3500-hp synchronous 
motor to help maintain pull-out 


King-Size Jungle Gym 
Makes Airplane Hanger 


Made of tubing and connectors, 
a proposed dismountable airplane 
hangar has been developed for the 
U. S. Air Force. Based on a double 
cantilever design and “space 
frame” principles developed at II- 
linois Institute of Technology, the 
structure is expected to house six 
B-36 bombers for maintenance or 








3 


—————_ 





torque and improve line voltage 
conditions under heavy loads. 
Another feature, setcing the new 
shovel apart from its predecessors, 
is the independent propel or trac- 
tion drive utilizing four 250-hp, 
wound-rotor induction motors and 
special steering control. These 


features permit ease of handling. 

This shovel is so large, Marion 
engineers report, that an office 
building type elevator is being 
built to carry 1,000 pounds or 
three passengers up to the control 
section. 





eight for storage. 

Standardization of parts and 
simplicity of connections is ex- 
pected to make fast construction 
possible with unskilled labor. Tubes 
joined with a new type connector 
make up a web-like shape out of 
a series of pyramids. 

A distance of 10 feet from cen- 
ter to center of all the units in all 
directions provides a basic dimen- 

(Continued on Page 38) 



















U 
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Model of the newly developed airplane hangar construction design show: 





















ing the 3-D triangular units making up the frame. Pyramid-type structure 


will support the roof 
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WE WORKED THIS ONE OUT FOR CROSLEY 


According to Crosley, “V.1.P."" means “Very 
Important Product” for “Very Important 
People."’ It also means “Very Intricate Pro- 


«RS 
CHICAGO 
MOLDED 


PRODUCTS 
CORPORATION 


102! North Kolmar Avenue 
Chicago 51, Illinois 


CUSTOM MOLDERS OF ALL 


AWA. 
Member, Committee on 


Large Plastics Moldings, SPI 


MACHINE DEsIGN—October 1954 


... is your problem any tougher? 


The plastic housing of the new Crosley “V.I.P.” clock radio is 
made of three matching parts. As you can see, they have under- 
cuts, flanges, bosses, slots and side openings. And since the three 
sections have to fit snugly together, all these design features have 


to be molded to close tolerances. 


Crosley rated the job a tough one... and called in Chicago 


Molded. 


It took an opposed plunger mold to produce the main housing. 
Large movable cores were used for the control and speaker open- 
ings. Even the base offered a challenge — it’s a partitioned, three- 
way chamber that fans the sound out the front and both sides. 


It didn’t take us long to iron out these wrinkles, and today 
we re shipping housings to Crosley in a smooth, steady flow. Why 
not follow Crosley’s example and let our thirty-five years of expe- 
rience and modern facilities solve your plastics production prob- 
lems? It makes no difference if your part is large or small . . . for 
volume production or a handful of units. 


So check over your next molded plastic part with a Chicago 
Molded engineer. There’s no obligation. Just write, wire or phone. 
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ERIE the correct fastener 
for the job! 


You can rely on over 40 years of 
experience in producing bolts, studs and 
nuts designed to withstand the effects 
of high and low temperatures, high 
stresses, fatigue and corrosion. Modern 

; | facilities enable our skilled craftsmen 

2 to produce to your specifications bolts, 
alk « studs and nuts, precision machined and 





. 2 heat treated in carbon, alloy, stainless 
rie Fasteners 

oan th Galle ene steel and non ferrous metals. 

by the nation’s These Erie Products prove their qual- 
eading builders : : : : 

ef Transperta- ity every day in the railroad, chemical, 
tion Equipment. petroleum and automotive industries; on 


farm, construction and industrial equip- 
ment and heavy machinery. Send your 
design and material specifications to us 

. we will make for you the Correct 
Fastener for the Job. 
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Representatives in Principal Cities. 
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(Continued from Page 32) 

sional relationship between the 
units. All parts are inter. 
changeable and there are said to 
be no key points in the design. 
Damaged parts will be relatively 
easy to replace. 

Prefabricated units will be fold- 
ed for easy shipment to the con- 
struction site. As a result of this 
standardization and prefabrication, 
the units are designed to be as- 
sembled, erected and disassembled 
in a minimum of time without 
skilled construction help. 

Two-story balconies will be 
reached by four stairways. Inter- 
communciation between the upper 
floors of the balconies will be made 
possible by catwalks the full length 
of the hangar. 

Airplanes will enter the hangar 
through 40-foot high openings. 
Doors are designed so that they 
may be stacked in the center of 
one side, thus permitting the hang- 
ar to be open on all sides. 

Floor space in the original unit 
will be 80,000 square feet. Features 
of the design are said to make it 
adaptable to smaller or multistory 
buildings. 


















ee e WATERPROOF PAPER 
which retains 90 per cent of tts 
tensile strength after being soaked 
in water has been developed by the 
Shoe .Products Div., Dewey and 
Almy Chemical Co. Ten times the 
abrasion resistance of paper im- 
pregnated by ordinary methods #8 
claimed. The new method uses syt- 
thetic elastomers and resins and can 
be applied to various thicknesses of 
paper. Samples can be obtained from 
the manufacturer. Evidently those of 
us who buy cheap shoes nerd no 
longer worry about walking the 
rain. 




































Standard designation list over 
ing the most popular grades of 
nickel-chromium alloys use: for 
heat and corrosion-resistant cast 
ings has just been revise: and 
published by the Alloy Casting 
Institute. Incorporating designa- 
tion changes and several aduition- 
al alloys, the revised chart of 
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chemical composition ranges is 
available from ACI headquarters, 
32 Third Ave., Mineola, N. Y. 


Have a Problem? 
Rent a Computer 


Equipped to solve complex prob- 


ter has been opened near Princeton, 
New Jersey. Established by Elec- 
tronic Associates Inc., the center 
has a staff of technical specialists 
for problem analysis and will pro- 
vide equipment which may be 
rented on an hourly, weekly or 
monthly basis. Members of indus- 
try may have problems solved in 
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Removable analog computer patch 

panel may be set up in advance with- 

out ticing up operation of the com- 
puter 


Management operations control, 
dynamic systems analysis, applica- 
tions engineering and simulation. 
In announcing the establishment 
of the center, Lloyd F. Christian- 
son, president of Electronic Asso- 
tiates Inc., said, “We feel that 
there is a growing need in industry 
for a facility such as we have es- 
tablished. It will prove particu- 
larly beneficial to the smaller com- 
panies which have not yet found it 
feasible to invest in their own com- 
putation facilities.” To each prob- 
lem, the center assigns the neces- 
Sary scientists, engineers or math- 
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lems in engineering research and | 
design, a new analog computer cen- | 














Every Anker-Holth Cylinder 


is certified at 1'/, times 
working pressure 























This safeguard of dependable performance is 
yours when you SPECIFY ANKER-HOLTH CYLINDERS 


@ Each Anker-Holth Cylinder is 
tested at 150% of working pres- 
sure with the latest completely- 
filtered testing equipment. A tag 
such as shown above certifies to 
its satisfactory performance un- 
der these above-normal operat- 
ing conditions. 

This is another reason why it 








Write for bulletin on complete 
line af ANKER-HOLTH products. 


pays to specify reliable Anker- 
Holth Cylinders. Call or write 
for engineering help on your 
problems in power motion. 
ANKER-HOLTH DIVISION 
of The Wellman Engineering 
Company, Department A-11, 
2723 Conner Street, Port Huron, 
Michigan. 





Division of THE WELLMAN ENGINEERING COMPANY 
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FROM WINDOW GUIDES 


TO INSULATION 
































by FELTERS 
DOES THE JOB RIGHT 


For a good slip-fit without rattling or looseness, 
Felters Felt is an ideal design material. To insulate 
against heat or cold, there are grades of Felters Felt 
to solve many knotty problems. 


If you would like information about felt’s versatility 
in solving design problems, write to Felters. 

Our 16-page ‘‘Felt Design Book" describes many 
interesting problems that have been successfully 
solved by Felters Felt. Write for your free copy. 

THE FELTERS CO., 218 South St., Boston 11, Mass. 


FELTERS FELT 


FELTERS S.A.E. FELTS 
F-10, F-11 & F-13 
are often used for oil or grease 
retention where the felt is com- 
pressed or confined in an as- 
sembly. Where operating condi- 
tions are not too severe, these 
grades are also used to make dust 

shields. 

These are 3 of many grades of 
Felters Felt produced for speci- 
fic applications. 


... by the roll... by the yard 
++. Or cut exactly as you want it 


News Roundup 





ematicians experienced in the use 
and applications of analog com- 
puters to evaluate, set up and solve 
problems submitted. 


MOLDED ADHESIVES are 
now available to save as- 
sembly time. Made by 
Mansol Ceramics, the 
shaped resin is slipped on 
the parts to be joined and 
placed in an oven for curing 


Metal Show Expects 
Record-Breaking Attendance 


Exhibitors at this year’s Na- 
tional Metals Exposition, Novem- 
ber 1-5, expect an attendance of 
over 50,000 representatives of the 
nation’s metalworking industry. 
A total of 442 exhibitors will have 
displays in over 6 acres of space 
in Chicago’s International Amphi- 
theatre. Featured will be the de 
velopment and use of signi‘icant 
new metals, alloys, processes and 
production techniques. 

Besides the American Society 
for Metals, three other participat- 
ing: groups will hold technica’ ses 
sions. These are the Americal 
Welding Society, the Institute of 
Metals Div. of the America In- 
stitute of Mining and Metallur- 
gical Engineers and the Society 
for Non-Destructive Testing. ASM 
has scheduled 39 technical papers 
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on a Wide range of subjects. Show 
officials say that the sessions are 
timed to permit visitors to attend 
both the technical sessions and 
the exposition. 

Two awards recognizing achieve- 
ment in the metals field will be 
presented by the American Society 
for Metals. As a feature of the 
annual banquet, the ASM Research 
Medal and the Albert Sauveur 
Achievement Award will be pre- 
sented. 

Candidate for the ASM Medal 

is William E. Umstattd, president 
of Timken Roller Bearing Co. 
Alexander L. Feild, associate di- 
rector, research div., Armco Steel 
Corp., is to be the Sauveur med- 
alist. 
ASM Medal for Advancement of 
Research is presented to an execu- 
tive of an industrial organization 
engaged primarily in the produc- 
tion or fabrication of metals. He 
shall further have substantially 
helped advance metallurgical re- 
search and development. Mr. 
Umstattd has, according to ASM, 
sponsored metallurgical research 
at Timken that resulted in many 
new products. 

Alexander L. Feild, 1954 Sauveur 
Medal winner, is one of the coun- 
try’s authorities on stainless steel. 
This award will recognize his met- 
allurgical achievements that have 
resulted in marked basic advances 
in that field. 

Further information about the 
show may be obtained by writing 
W. H. Eisenman, managing direc- 
tor, 7301 Euclid Ave., Cleveland 


*e e REAL COOL CARS are be- 
mg driven in the southwest plains 
by motorists who stop at gas sta- 
tions equipped with portable three- 
‘on air conditioners built by Chrys- 
ler Airtemp. While the gasoline is 
being pumped into the trunk, a hose 
mserted through one of the windows 
Pumps the interior of the car full of 
ol dry air. Although no scientific 
data are available on results, reports 
mdicate that the service is appreci- 
ated and motorists return to stations 
making it available. 
(Continued on Page 44) 
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SERIES PF-100 VANE-TYPE PUMPS 


DUDCO PF-100 Series Pumps can double the value of 
your hydraulic dollar. You get 2000 psi continuous duty, 
single-stage construction for the cost of equal ca- 
pacity low pressure pumps... improved equipment 
design and increased machine efficiency without the 
payment of premium prices. These Pumps feature a 
simplified, 3-unit construction . . . the pumping car- 
tridge incorporates the famous DUAL-VANE design 
which provides and assures complete balance of all hy- 
draulic pressure loads. These Pumps have capacities of 
3, 5, 8 and 11 gpm at 1200 rpm. 


MLL 


2000 PSI 



























































SERIES H GEAR-TYPE PUMPS 


The HYDRECO Series H Pumps are intende«i for 
use in the hydraulic systems of heavy-duty mo 
bile and industrial equipment, especially where 
shock loads, impact and rugged service are n0I- 
mal working conditions”. Four sizes (40, 50. 69. 
70 gpm) deliver fluid power at 1500 psi. . . im 
creased horsepower gives greater work o.tput. 
a Pressure-Balanced wear plates reduce oi! slip- 
page and eliminate power-robbing frictional contacts. 
SAE Flange Mounting and split-flange hose conn¢-tions 
make servicing simple and reduce down-time. Equipment 
is on-the-job longer. 
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SERIES PV-600 
PISTON-TYPE PUMPS 


DUDCO PV-600 Series Variable Delivery Pumps gen- 

erate continuous duty pressures up to 5000 psi. Two 

types of controls match pump output to system de- 
mands. A pressure-compensated regulator automat- 
ically varies the volume in response to system pressure. 
A hand wheel control enables an operator to vary the 
volume during the machine cycle. High pressure variable 
delivery means power is transmitted without the neces- 
sity for an accumulator and without any wastage of 
power thru a relief valve. 




































































ANOTHER 


HEAVY DUTY 


HYDRAULIC APPLICATION 


SOLVED WITH 


Series F Pump . . . for 
pumping clean liquids of 
all kinds. Pressures to 
300 P.S.I. — sizes 
1-300 G.P.M: 


SPECIAL HYDRAULIC APPLICATION USING 
STANDARD ROPER SERIES “F” PUMPS 


THE PROBLEM: Develop a central- 
ized hydraulic power unit to oper- 
ate large elevators and. hydraulic 
pushers through a continuous heat 
treating and annealing furnace in 
a steel mill. 

THE ANSWER: The enormous hy- 
draulic unit shown; as designed 
and built by Weinman Pump and 
Supply Co. of Pittsburgh. 


This is but one of many special 
units developed by Weinman. 
And, here again, Roper Pumps 
were selected as integral parts of 


ROPER 
Kola cy Fiaryps. 


the complicated power system. 
Roper Series F Pumps are par- 
ticularly adaptable to this and 
other applications because of their 
four-port design for ease of install- 
ation and their unusual depend- 
ability and long life. 


You, too, can capitalize on improv- 
ed performance records by includ- 
ing Ropers as original equipment. 
Our men in the field will be glad 
to give you all the assistance you 
need in the selection of the most 
suitable size pump for the job. 


SEND FOR CATALOG 954 








Features the complete Roper line 


GEO. D. ROPER CORPORATION 
250 Blackhawk Park Ave., Rockford, lilinols 
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Atomic Engineers? 


Nuclear engineering is to be 
taught graduate engineers in a 
course offered by Illinois Institute 
of Technology. Because of recent 
technical advances in this field, 
many engineers find they need sup- 
plementary education to keep pace, 
the school reports. Industry’s de- 
mand for engineers with sufficient 
knowledge of nucleonics prompted 
the initiation of the new course. 

Elementary particles and radio- 
activity will be studied and typical 
nuclear reactions and their kine- 
tics, including decay constants and 
half lives, will be covered by the 
course. 

The course will include develop- 
ment of reactor theory and the his- 
tory of neutrons in a nuclear reac- 
tor. Also included will be calcula- 
tion of neutron flux and the dif- 
fusion of neutrons by Fick’s law, 
derivation of “pile” equations, and 
d:scussion of reaction kinetics and 
control. 

Radiation damage to materials 
and chemical processing of spent 
reactor cores also are to be de 
scribed in the course. 

Prerequisites for the nuclear en- 
gineering course are a bachelor’s 
degree from an accredited institu- 
tion in engineering, chemistry or 
physics. 
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“We've built the illusion of speed 
right in.” 
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Sour Notes 


| Rule Out Bad Steel 


One of the machines now being 
used for endurance limit research 
of steel at U. S. Steel’s Research 
and Development Laboratory in 
Pittsburgh is a magnetic fatigue 
tester. Samples of steel from 24 
to 36 inches in length and up to 2 
inches thick and 5 inches wide can 
be subjected to controlled vibra- 
tions at the natural frequency of 
the test piece. 

A piece of steel is placed on 
rubber-padded supports and mag- 
nets are positioned under the end 
of the sample. An alternating cur- 
rent is then supplied to the end 
magnets to set the steel vibrating, 
much after the fashion of a tuning 
fork. 

Each test piece has a natural 
frequency at which it will vibrate, 
the natural frequency depending 
on the dimensions of the piece. 
Pickup coils at the center of the 
sample translate the motion into 
electrical impulses which feed back 
toa power unit at the natural fre- 
quency of the sample. These im- 
pulses control the pulsations of 
electricity from the power unit to 
magnets at each end of the sample 
80 they match the frequency of the 
specimen and keep it vibrating. 
Amplitude of the sample’s vibra- 
tions depends on the intensity of 
the current supplied to the end 
magnets. 

When a crack develops in the 
test specimen, its natural vibra- 
tional frequency changes. This 
change upsets the rhythm of im- 
pulses from the pick-up coils to the 
power unit and the machine auto- 
matically stops. 

By use of a microcomparator, 
the research scientist can easily 
measure the amplitude of the 
Vibration or the amount of bend- 
ing. 

A stroboscopic light is used to 
establish the location of very small 
fatigue cracks. This is done by 
adjusting the light from the strobo- 
scope to a frequency slightly high- 
ff or slightly lower than that of 
the vibrating sample. In this 
light, the test piece appears to be 
bending very slowly and its sur- 
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This does not tell the whole story by any means, but it 
does indicate the growing acceptance of this 

powerful motor for all types of instrument and control 
applications which require constant speed and 
dependability even under adverse environmental 
conditions. The complete story is yours for the asking. 
Write today. 










TIMING 
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SPECIALISTS IN TIME 










BOX 6, CENTERBROOK, CONNECTICUT 
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FULL LOAD 
“SPEED 


ATTAINED 251 


+200 


How to get your motors out 
of the high heat curve... fasz 


Thousands of equipment owners have 
already proved it: the fastest way to 
get a normal induction type motor 
“out from under the load” and up to 
normal rpm—and keep it there with- 
out shocks and vibrations—is through 
the fluid “slip” within a Twin Disc 
Double-Circuit Fluid Coupling. 

By eliminating mechanical connec- 
tion, Twin Disc Fluid Couplings per- 
mit full acceleration of motor under 
load within a few seconds . . . while 
the output shaft of the fluid coupling 
transmits full input torque of the mo- 
tor, and brings the load up to speed 
smoothly and gradually. 

In addition, Twin Disc Fluid Coup- 
lings offer such advanced perform- 
ance features as Double-Circuit design 
. . . making them the most efficient 
fluid drives available today. 

Write Twin Disc—Dept. DS, Ra- 
cine, Wisc.—for complete informa- 
tion! Ask for Bulletin 144-D. 
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TORQUE 
% OF FULL LOAD 








Twin Disc Fluid Couplings are available in 9 differ- 
ent types (Model 12.2 HCB Coupling shown), with 
the broadest variety of input, output combinations, 
and in sizes from 7.4S to 27 to accommodate motor- 
or engine-installations from fractional to 850 hp. 





Twild i(pise 


TWIN 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 
Hydraulic Division, Rockford, Illinois 
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faces can be carefully examined 
for very small cracks. 

A test sample about ®*,-inch 
thick by 3 inches wide by 30 inches 
long will vibrate at about 100 cy- 
cles per second. Middle C in the 
diatonic scale is 256 cycles per 
second and C below middle C is 
130 cycles per second or almost 
8000 per minute. Past experience 
and innumerable tests have proven 
that if a specimen can endure 10 
million cycles at a certain ampli- 
tude without failure, it will with- 
stand an infinite number of vibra- 
tions at that amplitude. 

If a structural component is de- 
sired with a minimum of 20,000 psi 
endurance limit, the research sci- 
entist can very quickly determine 
on the magnetic fatigue tester the 
steels that will meet the require- 
ment. 























Endurance Tests Promise 
More Powerful Gas Turbines 


Successful completion of tests of 
an experimental gas turbine with 
critical parts made of sintered ti- 
tanium carbide has been announced 
by Kennametal Inc. Test runs of 
up to 100 hours continuous opera- 
tion were reported at impeller tem- 
peratures of up to 1900 F. Previ- 
ously, the best time achieved at 
that temperature was said to be 
4 minutes. Impeller speed was 30,- 
000 rpm. 

Use of the metal, called Kentan- 
ium, is expected to increase the effi- 
ciency of gas turbines by increasing 
operating temperatures. Power and 
efficiency of gas turbines is af- 
fected by operating temperatures. 
An increase from the present nor- 
mal operating temperature of 
about 1400-1600 F to 1900 * is said 
to increase power output 50 per 
cent. An efficient turbine using a 
7-inch diameter impeller running 
at the maximum allowable temper: 
ature should deliver 12° horse 
power. 

Kentanium is compose: of 4 
per cent titanium carbide. 40 pe 
cent nickel and the remaining 6 
per cent columbium-tantalum cal 
bide. Since it contains no ‘ungsten, 
it is expected to be relatively cheaP 
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when produced in greater quanti- 
ties. 

Production of the new metal is 
by powder metallurgy techniques. 
As part of the process, the metal 


PRE OD TA Nk 


Impeller assembly of Kennametal’s 

experimental gas turbine. Sintered 

titanium-carbide impeller is shown 
attached to the turbine shaft 


powder is placed in a rubber bag 
which is inserted into the breech 
of a gun along with a powder 
charge. Pressure exerted as a re- 
sult of firing the charge causes a 
00 per cent reduction in volume. 
The metal cake is subsequently 
machined into the desired part. 

Further development of sintered 
titanium carbide is expected to 
increase the turbine operating tem- 
perature range up to 2300 F. Ken- 
nameta! engineers say this will ap- 
proximately triple power output. 
Fuel efficiency may also be im- 
proved. 


New Trade Name for Elwell- 
Parker Electric Company’s line of 
industria! trucks is “Elpar.” This 
change has been made, according 
to Company officials, to make it 
*asier to identify the company’s 
Products. No change has been 
made in the company’s manage- 
ment, ownership or policies. 
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LEBANON sree{ astin gs 


are at work 


quar valves, those “watch dogs” of industry, are particularly im- 
portant in chemical, refinery and power plants. Farris Safety and 
Relief Valves, for instance, are “on guard” 24 hours a day, protecting 
workers, protecting equipment, and assuring uninterrupted plant opera- 
tions. Lebanon CIRCLE © castings, important parts of these valves, are 
produced in several special alloys including CIRCLE (-17*, a hardenable, 
corrosion-resistant, stainless steel with exceptional strength at elevated 
temperatures. Selecting these Lebanon casting materials added greater 
reliability to Safety and Relief Valves operating in lines handling steam, 
corrosive fluids and gases. These Safety and Relief Valves are manufac- 
tured by the Farris Engineering Corporation, Palisades Park, N. J. 

Lebanon’s experienced craftsmen produce castings in a wide range 
of materials . . . flexibility and control that provide truly depend- 
able products. 

*Lebanon’s designation for Armco’s 17-4-PH, produced under license 
by Armco Steel Corporation. 

See—STEEL WITH A THOUSAND QUALITIES—37 min., 16 mm, semi- 
technical, full-color sound film on the making of steel castings. For infor- 


mation write: Dept. G, Lebanon Steel Foundry. 


Castings 


LEBANON 


CARBON, SPECIAL ALLOY 
AND STAINLESS STEEL 





BALL BUSHING 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design and performance with 
BALL BUSHINGS! 


Now manufactured for %", ¥2", %", 1”, 
1%", 2” and 2%” shaft diameters. 


LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE - LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 
Dept. E, MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
representative in your city. 


Also manufacturers of NYLINED Bearings — DuPont NYLON 


within a metal sleeve—for rotation and reciprocation. 
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Super-Sensitive Detector 
Will Locate Warm Objects 


Glass coated with lead sulfide 
can give 10,000 times as much 
sensitivity to certain infrared rays 
as previous. laboratory _instrv- 
ments, according to Eastman Ko- 
dak engineers. 

Known as Kodak Ektron Detec- 
tors, the new photoconductive cells 
have recently been made available 
to science and industry. It is ex- 
pected that the extreme infrared 
sensitivity of the cells will open 
new possibilities to designers and 
engineers, Their simplicity and 
reported ability to be made in any 
size and shape will make possible 


Each of these small black squares 

is a heat and light sensitive cell. 

Twenty of these cells are contained 

on this piece of glass less than an 
inch long 


new devices to detect warm ob- 
jects over a long distance without 
physica! contact. 

In addition to their possibilities 
for heat detection and for replace 
ment of present types of photo 
cells in rough service applications, 
these detectors are expected to 
have applications in automatic 
control of chemical processing 
plant operations and in complex 
electrical equipment where me 
chanical switching devices are t00 
bulky, impractical, or insufficient 
ly reliable. 
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In the chemical plant applica- 
ions, the cells could automatical- 
ly monitor the exact composition 
of fluids flowing through pipes and 
process vessels on the basis of the 
characteristic infrared “color” of 
the various components. Water 
and gasoline, for example, are both 
colorless liquids to the human eye 
wut look entirely different to a 
gnsitive infrared detector. Very 
fne differences between chemicals 
ean be detected in this way. 

In the switch applications, say 
the Kodak engineers, the Ektron 
Detector permits a beam of light 
to eliminate a moving part. The 
‘light”, they point out, can come 
from a lamp operated so far below 
the rated current that the glow is 
invisible. 

Though the cell is most sensi- 
tive to near-infrared rays, it is 
said to be highly sensitive to all 
colors of visible light up to and 
including ultraviolet. 


Standards Engineers 
lo Discuss Color TV 


Color television, safety, inter- 
tational standards, purchasing and 
quality control are subjects to be 


POWERFUL SHAKER de- 
livers up to 12,500 pounds 
force. Produced by MB Mfg. 
Co. Inc., this vibration ex- 
citer is said to be the larg- 
est capacity electromagnetic 
Shaker in existence. Op- 
erating range is from 5 to 
2000 cps. Built-in vibra- 
tion isolators eliminate the 
need for special floor con- 
struction 


Re ere ence 
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New Aitomilio Speed Controk 





REEVES 


Auto-Pneumatic Control 


® Now with the REEVES Vari-Speed Motodrive equipped with 
the new sensitive Auto-Pneumatic control, you can automati- 
cally control continuous processes involving the regulation of 
heat, liquid level, pressure, temperature, flow, and many 
other variables. Positive, direct connection from the pneumatic 
instrument to the Auto-Pneumatic control assures accurate 
and sensitive speed regulation. 

Exclusive REEVES cam design provides linear output speeds 
so necessary for delicate proportioning processes . . . maintains 
the greatest accuracy while regulating or maintaining any 
speed throughout the range of the Motodrive. 

REEVES Auto-Pneumatic Control assures maximum effi- 
ciency and economy in industrial processes . . . means out- 
standing savings for you in material, fuel and labor costs plus 
continuous uniformity of your product or process. Write today 
for complete information. 


REEVES PULLEY COMPANY - COLUMBUS, INDIANA 


Send today for 
BULLETIN H13-M542 






















bars, billets and forgings 
in sizes, shapes and treatments for every need! 


Wheelock, Lovejoy & Company, Inc., can fill your alloy 
steel requirements promptly. This applies to both standard 
AISI and SAE steels and to our own HY-TEN steels— “the 
standard steels of tomorrow”. Take advantage of our seven 
strategically located warehouses. All of them can supply 
these steels in the form and quantity you need. Every 
warehouse, too, is staffed with expert metallurgists who 
are ready to serve you. 


Write today for your FREE copies of Wheelock, Lovejoy 
Data Sheets. They contain complete technical information 
on grades, applications, physical properties, tests, heat 
treating, etc. 

near you... 


Warehouse Service—Cambridge « Cleveland e« Chicago 
Hillside, N.J. « Detroit e Buffalo ¢« Cincinnati 
In Canada—Sanderson-Newbould, Ltd., Montreal and Toronto 


WHEELOCK, LOVEJOY x company, INC. 
133 Sidney Street, Cambridge 39, Mass. 
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featured at the forthcoming Fifth 
National Conference on Standards. 
To be held in New York on Novem. 
ber 15, 16 and 17, 1954, the con. 
ference will also include the thirty. 
| sixth annual meeting of the Amer. 
| ican Standards Association. 
Roger E. Gay, president of Bris- 
tol Brass Corp. and president of 
the American Standards Associa- 
tion will give the keynote address, 
The Howard Coonley Medal and 
the Standards Medal will be 
presented at the annual award 
luncheon during the session. 





























AND EXPOSITIONS 

















































TT Ne nee ee dit 
Oct. 11-12— M 
Second Conference on Mechan- lar 
isms. Two-day conference to be 
held at Purdue University, West 
Lafayette, Ind., under the joint No 
sponsorship of the editors of Ma- i 
CHINE DESIGN and Automation, and En 
the faculty of the school of me- hel 
chanical engineering at Purdue @ Yo 
University. Additional information Jj 3% 
may be obtained from the Editor, ret 
MACHINE DessIGN, Penton Bldg. 
Cleveland 13, O. De 
f 
Oct. 11-15— soc 
American Institute of Electrical at 
Engineers. Fall general meeting to N. 
be held at the Morrison Hotel, Chi- be 
cago, Ill. H. H. Henline, 33 West ter 
39th St., New York 18, N. Y., is 
secretary. De 
Oct. 24-27— - 
American Gear Manufacturers hel 
Association. Fall meeting to be Chi 
held at the Edgewater Beach Hotel, tio 
Chicago, Ill. John C. Sears, One es 
Thomas Circle, Washington 5 @ 
D. C., is executive secretar: 
Nov. 1-5— Dec 
American Society for ‘etals. A 
Thirty-sixth national meta\ com Em 
gress and exposition to be ‘eld a 
the International Ampbhit:seatre, « 
Chicago, Ill. W. H. Hisenmai, 7301 9 ™ 
Euclid Ave., Cleveland 3, 0. ® ~ 





managing director. 
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Nov. 1-5— 

National Metal Congress & Ex- 
position to be held at the Interna- 
tional Amphitheatre, Chicago, Il. 
W. H. Eisenman, 7301 Euclid Ave., 
Cleveland 3, O., is managing di- 
rector. 










Nov. 1-5— 

American Welding Society. Na- 
tional fall meeting to be held at 
the Sherman Hotel, Chicago, IIl. 
Additional information may be ob- 
tained from society headquarters, 
33 West 39th St., New York 18, 
N. Y. 





Nov. 11-12— 

Gray Iron Founders’ Society Inc. 
Annual meeting to be held at The 
Homestead, Hot Springs, Va. Ad- 
ditional information may be ob- 
tained from society headquarters, 
National City-East 6th Bldg., Cleve- 
land, O. 






Nov. 28-Dec. 3— 

American Society of Mechanical 
Engineers. Annual meeting to be 
held at the Statler Hotel, New 
York, N. Y. C. E. Davies, 29 West 
39th St., New York, N. Y., is sec- 


retary. 











Dee. 5-9— 

Scientific Apparatus Makers As- 
sociation. Fall meeting to be held 
at the Pinehurst Hotel, Pinehurst, 
N.C. Additional information may 
be obtained from society headquar- 
ters, 20 N. Wacker Dr., Chicago, Ill. 











Dec, 5-8 — 

American Society of Agricultural 
Engineers. Winter meeting to be 
held at the Edgewater Beach Hotel, 
Chicago, Ill. Additional informa- 
tion may be obtained from society 
headquarters, P. O. Box 229, St. 
Joseph, Mich. 









Dec, 12-15— 

= Institute of Chemical 

Engineers. Annual meeting to be 
held at Hotel New Yorker, New 
York, N. Y. Additional information 
may be obtained from society head- 
quarters, 120 E. 41st St., New 
York 17, N.Y. 
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WHAT THE CALIVOLTER IS 


The Calivolter is a precise electrical 
instrument which provides an accurate 
voltage output over a wide frequency 
range. True r.m.s. voltages regardless 
of waveform, and accuracy of +%% 
are outstanding features. The Cali- 
volter fills a long recognized need for an 
extremely accurate but inexpensive 
voltage standard. 


* Trademark 




























Model A 23 Calivolter 


CALIDYNE’S 
CALIVOLTER™ 


WHAT THE CALIVOLTER DOES 


The Calivolter may be used to measure 
accurately the e.m.f. of voltage- 
producing vibration, pressure, and 
seismic pick-ups, as well as strain- 
measuring devices. It provides a 
means for accurately calibrating volt- 
age detectors and voltage-sensitive 
devices such as Vacuum Tube Volt- 
meters, Oscilloscopes and Sensitive 
Relays. It may also be used for over-all 
calibrations of Recording Systems, and 
for measuring the frequency-response of 
Amplifiers, Recording Systems, Trans- 
formers, High Impedance Meters, etc. 


WHAT THE CALIVOLTER OFFERS 


Here are some of the advantages and 
features which you get with the Calivolter: 


@ Accuracy +%% from DC to 10KC — 
useful to at least 20KC. 

@ Voltage output from 10 microvolts to 
10 volts in 5 continuous ranges. 

@ Easy operation, simple standard- 
ization. 

@ Low output impedance — max. 1000 
ohms. 


@ No current waveform error. 


@ Current output — 1 microamp to 10 
ma in decade steps. 


@ A transfer switch and input con- 
nection for ‘“‘unknown’’ facilitates 
measurements by substitution. 


@ Small size (8" x 8%" x 4" 0.a.) 


@ Lightweight (6% lbs.), sturdy con- 
struction, matchless quality. 


Write today for specifications and price. 





THE 








CALIDYNE 





COMPANY 





120 CROSS STREET, WINCHESTER, MASSACHUSETTS 


PHILADELPHIA, PA 

G. C. Engel, Chestnut Hill 68-0892 
CLEVELAND, OHIO 

M, P. Odell Co, Prospect 1-617! 
DAYTON, OHIO 

M. P. Odell Co. Oregon 4441 
WASHINGTON, D. C 

F. RB. Jodon, inc,, Woodley 6-2615 
CHICAGO, ILLINOIS 

Hugh Marsland Co. 

Ambossodor 2-1555 


SALES REPRESENTATIVES: 


NEW YORK CITY AREA 
, Rector 2-009! 


‘e International Corp. 
*13 East 40th St. NY. 16, N.Y. 
Murray Hill 9-0200 
NORTHERN NEW YORK 

Technical Services Co., Boston 

Capitol 7-9797 

NEW JERSEY 

G. C. Engel, Ridgewood 6-7878 


~ HOLLYWOOD, CALIFORNIA 





DALLAS, TEXAS 
John A. Green Co., Dixon 9918 
WALTHAM, MASS. 
Robert A. Waters, inc. 
Weolthom 5-6900 


SAN FRANCISCO, 
G. 8. Miller, eh Ex 3438 


MINNEAPOUS, MINN. 
H. M. Richardson and Co. 
Geneva 4078 


G. B. Miller Co., Hollywood 9-6305 NEW nan, CONN. 
SEATTLE, WASH. R Woters, inc. 


G. B. Miller Co., Lander -3320 Fulton 7-6760 
ALBUQUERQUE, NEW MEXICO CANADA 
G. 8. Miller Co. Measurement Engineering Limited 
Albuquerque 5-8606 Arnprior, Ont. Phone 400 
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APPEARANCE 


Here’s the cylinder 
made to order to meet 
industry’s growing de- 
mand for machines 
that are more func- 
tional, cleaner-lined, 
less cumbersome. You 
don’t sacrifice bore size 
in tight quarters when 
you specify O-M Air or 
Hydraulic Cylinders. 
SPECIAL INTER- 
LOCKING MECH- 
ANISM does away 
with bulky tie rods, end 


OF MACHINES 


Formerly executive engineer of 


| Wagner Electric Corp., St. Louis, 
| George W. Brown has been elected 
| a vice president. He will have com- 
| plete charge of the company’s en- 
| gineering and research divisions, 


both automotive and electrical. A 


| graduate of Ohio State University, 
| Mr. Brown joined the Wagner Co. 
| in 1926 and for the next ten years 


pointed Dr. Jacob P. Den Hartog 
head of the Department of Me- 
chanical Engineering. Since 1945 
he has been in charge of the divi- 
sion of applied mechanics of this 
department. An authority in the 
field of mechanical vibrations, Dr. 
Den Hartog was associated with 
the Research Laboratory of West- 
inghouse Electric Corp. in Pitts- 
burgh, specializing in problems in 
dynamics and mechanical vibra- 
tions. He was subsequently a 
member of the faculty of Harvard 
University, and during World War 
II he served with the U. S Navy. 


Newly appointed head of the en- 
gineering department of Norton 
Co., Worcester, Mass., Herbert A. 
Silven succeeds Carl G. Flygare, 
who retired after 47 years with 
the company. Mr. Silven, who did 
much of the original work on Nor- 
ton’s first automatic cam and crank 
grinding machines, has been di- 


caps... saves up to 4 installation space! Inter- | rectly responsible for 60 patents. 


locking feature also provides perfect align- 
ment, lower coefficient of friction which 
makes possible smoother performance at low 
or high speeds regardless of length of stroke. 
Easily removed, inspected, repaired. Com- | 
pletely interchangeable parts. 

Available in full range of sizes (11%”" to 8” bores) 


with standard, 2 to 1 or oversize rods. All | 
steel construction with bearing bronze. 14- | 


Fellows Gear Shaper Co., Spring- 
field, Vt., has announced that 
Bernard L. Ward, formerly chief 
of machine design, has been ap 
pointed assistant chief engineer. 
He retains responsibility for ma- 


George W. Brown 


was associated with the electrical 
engineering department, specializ- 


day delivery on most sizes. 


Write today for FREE catalog and complete set of 
4 and \-scale templates show- 
ing all cylinders and mounting 


brackets. 


MAIL COUPON NOW! 


ORTMAN-MILLER MACHINE CO. 
7 143rd Street, Hammond, Indiana 


[_] Send -scale templates [ |Y2-scole templotes 


Name ee en Position 


Rc crercenentinion 


[_] Hove representative call [_| Send latest cotalog 
1 
| 


Address 


| i iccccensiteenctennmete ene 


! 
| 
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| engineer. 
| of the Society of Automotive En- 


ing in the development, design and 
application of fractional-horsepow- 
er motors. In 1952, after serving 
in other capacities in the firm and 
with the U. S. Army Ordnance De- 
partment, he was made executive 
Mr. Brown is a member 


gineers, the American Institute of 
Electrical Engineers, the Associa- 
tion of Iron and Steel Engineers, 
the American Ordnance Associa- 
tion and the Engineers’ Club of St. 
Louis. 


Massachusetts Institute of Tech- 
nology, Cambridge, Mass., has ap- 


chine design, with Harry King 4 
his assistant in that department. 
Concurrently, the company 4P 
pointed Henry G. Stone chief of 
tool design, with Carl H. Parker 
as assistant, and J. L. Williamson 
chief of research, with Roland Se# 
vey as assistant. 


Appointment of Nicholas N. Se 
lovioff to the operational s‘ff, 4 
head of the newly formed Produc 
tion Engineering department, has 
been announced by Greer Hydrat 
lics Inc., Jamaica, N. Y. eport- 
ing directly to the president and 

(Continued on Page 5%) 
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Continued from Page 52) 

chief engineer, Mr. Solovioff will 
act as liaison between the engineer- 
ing and manufacturing depart- 
ments. Pilot, designer, inventor 
and manufacturer, he has been 
connected with the aviation indus- 
try for more than 30 years. 








Prof. Harold A. Bolz has as- 
sumed duties as associate dean of 
the College of Engineering of Ohio 
State University, Columbus, O. A 
member of the Purdue University 
faculty since 1938, Prof. Bolz 
served successively as assistant 
professor of machine design, as- 
sociate professor of mechanical en- 
gineering, professor of industrial 
engineering and head of the gen- 
eral engineering department. Prior 
to joining the staff at Purdue, he 
was a development engineer for 
the Weatherhead Co. in Cleveland. 
He received B.S. and M.S. degrees 
in mechanical engineering from 
Case Institute of Technology. 

In recent years, Prof. Bolz has 
supervised the planning and or- 
ganization of campus conferences 
for industry in seven different en- 
gineering fields, and he is at pres- 
ent a consultant to several com- 
panies on technical conferences. 
Active in the American Society of 
Mechanical Engineers, he served as 
chairman of the Central Indiana 
Section in 1950. He is a member 
of the American Society for Engi- 
neering Education and was edi- 
















Harold A. Bolz 
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tor of Machine Design Clearing 
House Bulletin in 1944-1946. He 
is also a member of the Indiana 
Engineering Council, is a registered 
professional engineer and holds 
memberships in the Society for the 
Advancement of Management, 
American Association for the Ad- 
vancement of Scierice and the In- 
diana Personnel Association. Prof. 
Bolz is the author of numerous 
papers and articles, several of 
which have been published in MaA- 
CHINE DESIGN. 


Edward H. Heath has been ap- 
pointed manager of quality con- 
trol at Howell Electric Motors Co., 
Howell, Mich. Mr. Heath was for- 
merly chief engineer at Marathon 
Electric Corp., Erie, Pa., and prior 
to that served as design engineer 
with several other companies. 


W. C. Jenner has joined Hough- 
ton Laboratories Inc., Olean, N. Y. 
as chief electrical engineer. He 
formerly was a member of the en- 
gineering department of Reliance 
Electric and Engineering Co., 
Cleveland. 


Ford Motor Co., Dearborn, Mich., 
has named V. Y. Tallberg director 
of engineering administration and 
executive assistant to the vice 
president in charge of engineering. 


B. F. McNamee has been ap- 
pointed chief of research and de- 


| 
| 
| 


| 


velopment of motor controls and | 


power supplies for Dressen-Barnes 
Corp., Pasadena, Calif. Alvin L. 
White, layout and design engineer, 
recently returned to the firm from 


active duty with the U. S. Army | 


Signal Corps. 


Goodyear Aircraft Corp., Akron, 


O., recently announced the appoint- | 


ments of Albert W. Cook as chief 


project engineer, Donald G. Smel- | 
lie as head of the research and | 


development section and Charles 


F. Luginbill as head of all testing | 


activities and 
tions within the aircraft wheel and 
brake development 
Having joined the Goodyear Tire 
& Rubber Co. in 1938, Mr. Cook 
was transferred to the company’s 


laboratory opera- | 


department. | 
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ARE YOU SEARCHING FOR ® 
HIGH PERFORMANCE i 
BEARINGS? 


<q Alby = 









He 


DILGEREE 


SELF-LUBRICATING 





mt 


EXCELLENT DURABILITY © CONSTANT 


COEFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 


SOLIDIFIES OR CARBONIZES 


— EVEN WHERE O1L 


© OPERATE DRY, OR AT 


HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE OR OTHER LIQUIDS © EXCEL- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY materials are also in wide use 


for oil-free, self-lubricating piston rings, seal rings, 
thrust washers, friction discs, pump vanes, etc. 


For applications requiring low 
| electrical noise, low and con- 

stant drop, high current density 
and minimum wear. Used for 
SELSYNS, DYNAMOTORS, 
SYNCHROS, ROTATING 
STRAIN GAGE pick-ups and 
many other applications. Brush 
Holders and Coin Silver Slip 
Rings also available. 


T GRAPHITE 


Cite Craphalley Foducld 


BRUSHES | 
4 7 


0 









METALLIZING CORPORATION : 





‘045 Nepperhon Ave. @ YONKERS, NEW YORK 
CT) Please send date on Grophailoy Oil-Free BUSHINGS 


[_] Send date on BRUSHES ond CONTACTS 





NAME & TITLE 
SOMPANY 


STREET 














upertor makes 


"Wee quantity molded 
*: mechanical parts 
with individual 
precision 


... for parts of iron, brass, nickel, 


tungsten alloys, and silver 


@ Why machine or cast small, intricate parts? 
Superior can produce quantities of accurate parts 
at a very low cost per piece by powder metal- 
lurgy. Every piece of a run will be uniform in size, 
strength and density. Superior can make alloyed 
metal parts to fit your application, recommending 
the right material for the job you have in mind. 
Consult Superior first. 


Send us your blueprint and specifications. 


SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE ¢ CLEVELAND 5, OHIO 
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engineering squadron at Akron in 
1939. Mr. Smellie was associated 
for 29 years with the Hoover Co, 
of North Canton, O., ultimately as 
director of the engineering division, 
and then was chief engineer of In- 
dustrial Service Co. of Nortli Can- 
ton until joining Goodyear Aircraft 
in April 1954. Mr. Luginbill has 
been associated with wheel and 
brake development operations at 
the company since 1943. 


Charles J. Parker has been 
named electrical engineer to head 
the electrical research division of 


Charles J. Parker 


Studebaker Corp., South Bend, 
Ind. He succeeds T. E. Wagat, 
who has retired. A graduate of 
Tri-State College with a B.S. de 
gree in electrical engineering, Mr. 
Parker has been a member of the 
Studebaker engineering staff for 
29 years. 


Lombard Corp., Youngstown, 
has promoted A. P. Sgamiati t 
the position of chief engine: r. 


Recent changes at the Norwood, 
O., works of Allis-Chalmer- Mfé: 
Co. include the appointm-nt of 
Thomas C. Knudsen, forme* ma 
ager of the Texrope Drive Section 
to the post of assistant to tie ge 
eral manager in charge of ‘!1e Me 
chanical product developmer: labo 
ratory. Concurrently, the company 
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named Vernon B. Honsinger, for- 
mer engineer-in-charge of the re- 
search laboratory, as assistant to 
the general manager in charge of 
the electrical product development 
laboratory. 


J. L. DeDiemar 


J. L. DeDiemar, former Convair 
design specialist, has been ap- 
pointed chief engineer of Resdel 
Engineering Corp., Los Angeles. 
Mr. DeDiemar joined Convair’s en- 
gineering department in 1936 and 
the following year was transferred 
to the San Diego division, where he 
has been an electronics project en- 
gineer. He also served as staff 
assistant in the electronics section 
for several years. He was former- 
ly an electronics engineer with Gil- 
flan Bros. Inc., Los Angeles. Mr. 
DeDiemar received a B.S. degree 
in electrical engineering from Iowa 
State College in 1943. 


George S. Trimble Jr. recently 
was elected vice president in 
charge of the newly created ad- 
vanced design division of Martin 
Aireraft Co., Baltimore. 


Announced recently were the ap- 
ointments of Raymond S. Fox to 
thief engineering consultant of the 
Sage division and Charles A. Whit- 
ney to chief engineer of the gage 
engineering department of Pratt & 
Whitney Div., Niles-Bement-Pond 
Co., West Hartford, Conn. 
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TODAY! 


AS SIMPLE TO OPERATE TRANSMISSION 


AS AN ELECTRIC MOTOR 


Anyone can easily operate the 
new PGT compound planetary transmission by 
merely moving a single hydraulic control lever. With 
two forward and one reverse speeds, instantaneous 
selection is possible because the cushion shift action 
of the PGT prevents shock loading. Shift is made 
from full speed forward to full speed reverse in 
only 1% seconds. 


CONTROLLED BY HYDRAULIC PRESSURE 

The Plan-Gear Transmission has two planetary 
gear assemblies for low and reverse and a multiple 
disk clutch for direct drive. The planetaries are 
actuated when hydraulic pressure contracts a band 
around an anulus or drum to provide the desired 
movement. A built-in oil pump provides pressure for 
actuating controls, lubrication, and flow to the torque 


converter. 
The simply designed, sturdily built Plan-Gear 


Transmission has been tested exhaustively and 
successfully in the field as well as in the laboratory, 
and has proved superior to other more complex 
transmissions. If you have need for a transmission 
with 150 pound-feet continuous input torque, we'd 
like to discuss the matter with you. Write today for 
further information. 


Phone: Lemont 920 





PGT-150 PLAN-GEAR 
compound planetary 
transmission 


is rated at 150 pound- 
feet continuous input 
torque; self-lubricated, 
constant duty, for use 
with torque converter. 
Standard ratios: high, 
1:1; low, 3:1; reverse, 
3.2:1; optional reverse, 
2.23:1. 


Suggested Uses: 


e Front end loaders 
© Lift trucks 

e Earth movers 

@ Hoists and cranes 
e Car pullers 

e Slushers 

@ Machine tools 

e Conveyors 

e Power take-offs 

© Truck mixers 


Designed and built exclusively by 


MERICAN GEAR & MFG. CO. 


New Avenue, Lemont, Illinois 


Subsidiary of BRAD FOOTE GEAR WORKS, INC., Cicero 50, Illinois 





JzH Motors on 24-h 


HERE WAS THE NEED 


Given Manufacturing Company of 
Los Angeles needed a rugged, 
specially built motor to power its 
famous WASTE KING Commercial 
Pulverator ...a heavy-duty garbage 
disposer designed for commercial and 
institutional use. Installed in a 
kitchen’s critical food-waste “‘point- 
of-origin”’, the unit had to have a 
motor that would operate on a 24- 
hour basis under variable peak loads, 
high heat and moisture, 


20H Jacks HEIN? 
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The Disorganized Profession 










UCCESSFUL engineers must be good organizers. Facts must be 
organized for engineering decision; equipment must be organized 
for production; people must be organized to carry a job through. 

Why then are engineers so backward in organizing their own profession 

for action? 









Doctors have their medical associations and lawyers their bar asso- 
ciations. These organizations effectively care for all the professional needs 
of their members. By contrast, engineers seem to need at least two pro- 
fessional organizations—the engineering societies like ASME, and the 
NSPE group composed of registered engineers. 












But neither group has taken sufficiently vigorous action—either sep- 
arately or jointly—on the welfare and economic status of engineers em- 
ployed in industry. As a result, a third group has risen—the collective 
bargaining agencies such as the Engineers and Scientists of America. 












The ESA claims to have been the sole contender on behalf of the 
engineering employee in protesting a recent wage-hour ruling on over- 
time payment to professional-exempt employees. While the group suc- 
ceeded in obtaining an important modification, features still in the regu- 
lations permit employers to take unfair advantage of professional-exempt 
employees. The professional societies could have added the weight of 
their influence to promote more effective action and greatly enhanced their 
own status in the eyes of an increasingly critical younger generation of 
engineers. 















Our engineering and professional societies include people at all levels 
of activity from top management down to beginners just out of college. 
Perhaps those in control feel that specific action on behalf of the engi- 
neering masses is beyond the province of a professional society. But by 
leaving those in the lower ranks to organize themselves for collective ac- 
tion, the leaders of the profession are, in effect, encouraging disunity rather 
than the unity to which they give such eloquent lip service. 
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MULTIPLE— 
CIRCUIT 
SWITCHES 














d Application of 
lever-Operated Switche 





same observations hold true for many other ma- article. Future articles will cover these features 
- chines; however, the magnitude of complexity could of the remaining groups and the specific factors 
] be much greater and the result of an operator’s influencing selection. 
* error could be disastrous. 
0 Lever-operated Switches: Fundamental types of 
. Switch Types: Both manual and powered oper- lever-operated switches are: 
;. ation of switches are possible. Since driven switches 1. Toggle switches 
1, are usually adaptations of existing manually-op- 2. Snap-action push switches with toggle actuators 
e erated types, only manual switches will be consid- 3. Lever-actuated leaf spring buildups 
. ered in this series of articles. Motion required of 4. Lever-actuated rotary switches 
. the operator serves as a convenient method of 5. Slide switches 
n dividing switches into three primary groups: (1) 6. Mercury switches 
lever, (2) rotary and (3) push or pull-operated All lever-operated switches have certain common 
switches. Physical and electrical characteristics characteristics. One of the most important of 
s of lever-operated types will be considered in this these is visual indication by lever position of 
‘, 
t 
7 
t 
n 
. 


Symbol 





Fig, 1—Possible actu- Lock (stays put) — @ Non-Lock (spring return) ——C) 


/ ating lever movements 


for toggle, toggle-act- Two-Position half throw || Two-Position full throw Three-Position 
; uated snap-action, and 


‘ lever - actuated _leaf- 
: Spting buildup a> ae ne 
switche ;. 
Se svitch Te 
‘Spring type 
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Four—Position 
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Fig. 2—Above—Small size ag with lever- 
actuated switches is shown by this double-pole, 
double-throw switch in a walnut shell. Consisting 
of two small snap-action push switches with toggle 
actuator, the switch weighs approximately 1,- 
ounce. Ratings are 2 amperes at 30 volts dc for 
resistive or inductive loads and 5 amperes at 125 
or 250 volts, ac 


Fig. 3—Below—Typical four-pole, double-throw 
toggle switch. This unit has a sealed toggle lever 
to prevent entry of moisture or foreign matter. 
Mounting is three-hole type. Electrical ratings are 
12 amp at 30 v dc and 15 amp at 115 volts ac for 
inductive loads. Dimensions are 214 inches long, 
1 33/64 inch wide and 1 21/64 inch high. Toggle 
lever is /g-inch long, and weight of the complete 
switch is 3 ounces or less 


whether the switch is on, off, or otherwise, Fiy. 
1. Five lever positions are possible with a lever- 
operated switch. Other characteristics are: small 
size, Fig. 2, light weight, simple mounting ar- 
rangements and relatively low cost. Number of dif- 
ferent switching arrangements possible with one 
switch is not usually as great as for certain of 
the rotary or pushbutton switches. 


Toggle Switches: Contact arrangement of togg!e- 
switches is usually limited to four-pole, double-. 
throw, Fig. 3, with three possible positions of the 
toggle lever. Conventionally, with toggle lever 
throw to either end position one circuit is con- 
nected while the other circuit is disconnected, 
either with or without a center “off” position where 
neither circuit is connected. A variation of this 
arrangement is the progressive two-circuit switch 
which disconnects when the toggle lever is at one 
end position, connects one circuit with the toggle 
lever centered and connects both circuits with 
the toggle lever at the other end position. Stand- 
ard types are available which maintain contact 
at one or both of the end positions only so long 
as the lever is held, and the lever automatically 
returns to the center position when released, Fig. 1. 

Because of the toggle operating mechanism, 
make or break time of the contacts is independent 
of force applied by the operator; contacts always 
open or close with a snap. This fast action, par- 
ticularly when points are opening, prevents arcing 
thereby increasing contact point and switch life. 
Current and voltage ratings for a typical switch are 
given in Table 1. 

Mounting arrangements are of two types; (1) 
single-hole or bushing mounting in which the 
bushing around the toggle lever is threaded and 


Table 1—Electrical Characteristics of Typica! 
Toggle Switch 





Voltage, ac Voltage, de 
(v) (v) 





30 

125 

115 ee 

230 Se 

wie 30 

125 a 
Inductive ees 
Inductive 125 





Fig. 4—Right—Various types of terminals used on 
e switches. Terminals brought out at side may 

be either binder-screw shown or solder lugs. 
These switches are for single-hole mounting 


Sdlder-lug Terminals 
screw terminals terminals _—_broug't out 
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the switch is held to a panel by locknuts on each LEVER-OPERATED SWITCHES 


side of the panel and (2) three-hole mounting, 
Fig. 3, in which two screws go through the panel 
into nuts on a mounting plate attached to the 
switch. Wire terminals may be solder-lug, binder- 
head screw or wire lead type and may be brought 
out at ends and sides of the switch, or on the bot- 
tom, Fig. 4. Plates bearing markings to indicate 
whether the switch is “off” or “on” are available 
as standard items. 


switches fitted with toggle lever actuators are 
available. Although lever positions are limited to 
five, the number of switches which can be ac- 
tuated by one lever and the possibility of combining 
switches having normally open and normally closed 
contacts in one assembly can produce extremely 
versatile arrangements, Fig. 5. 

Lever-Actuated Push Switches: Snap-action push Basic switch units used are small, push-operated 


3 @ .’ 


Fig. 5 — Left — Assembly of 16 subminiature snap-action 
switches with double throw arrangement on each switch. Op- 
eration of all switches on either throw may be either simul- 
taneous or in predetermined sequence. Units have been built 
with five positions of the 
actuating lever, each pro- 
ducing a different combi- 
nation. This assembly is 
only 24% inch long, 
1 15/16 inch wide and 
1 21/32 inch high, ex- 
cluding the toggle lever 
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Fig. 6—Below—One 2 
the eight basic types o 
leaf - spring build os 
Form A or no y 
open contacts are shown 
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Fig. 7—Above—Four in- 
Plunger dividual circuits can be 
travel controlled by this switch 
assembly. Building blocks 
are | “te buildups. 
Single-hole mounting ar- 
rangement is 
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Normally closed One side normally Make before break 
closed (SPOT) 
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types with single-pole, double-throw arrangements. 
Details of the basic switches including voltage and 
current-ratings will be discussed in a later in- 
stallment. 
Mounting arrangements and terminals are usual- 
ly the same as for toggle switches. That is, sin- 
gle or three-hole mountings and solder-lug or bind- 
er-screw terminals. Wire leads are also available 
on at least one adaption of a push type switch to 
toggle lever operation. Toggle lever action may be 
either momentary or detented. 
Fig. 11—Rotary switches are small in size 
and offer quite versatile switching ar- 


Lever-Actuated Leaf Spring Buildups: Leaf 
rangement. Two typical switches are shown 


spring buildups, Fig. 6, often called key switches, 


are available in various combinations with lever 
actuators, Fig. 7. Multiples of the common build- 
ups, Fig. 8, are used to obtain required switching 
setups. A mechanical limitation to the number of 


Fig. 9—Lever of this 
switch may be moved 
left, right, forward or 
backward in addition 
to a neutral or cen- 
tered position. Mount- 
ing afrangement is 
three-hole type 


= 

e Rolier 

Spring pile-ups, position | / 
Stop 

bushings 


>pring pile-ups, position 2 


3" 


S16 


Fig. 10—Dimensions of a typical 
key switch. Dimension X varies 
with complexity of the pile-up 











5 Poles, 3 Positions 6 Poles, 2 Positions 





Fig. 12 — Typical contact ar- 
rangements available with 
lever-operated rotary switches 


Fig. 13 — Plates are available 
for mounting as many as five ro- 
tary lever switches, side-by-side 
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buildups which may be used in each lever position 
is imposed by spring pressure. Two buildups of 12 
springs each, or 24 springs, can usually be con- 
sidered the practical maximum. 

Lever positions are usually the same as for tog- 
gle switches, although four-way lever actuated leaf 
spring switches are made, Fig. 9. Mountings for 
these switches may be single, three or four-hole 
type. Length of key switches in back of the mount- 
ing panel tends to be somewhat greater than for 
previously discussed types, because of the con- 
struction used, Fig. 10. 

For applications where switches may be sub- 
jected to extreme vibration or shock, or where it 
is necessary to guard against accidental operation 
of the switch, key switches may be provided with a 
lever locking device. A small button at the end 
of the lever handle must be depressed before a 


Table 2—Characteristics of Typical Key Switch 


Contact Points 





















Material Diam Height Load-Carrying Break or 

Capacity Make Load 

(in.) (in.) (amp) (W) (amp) (W) 

Palladium-silver 0.067 0.020 3 150 3 135 

Palladium 0.067 0.020 3 150 3 135 

Patinum-ruthenium 0.067 0.020 3 150 3 150 

Palladium 0.084 0.031 3 150 3 150 

Patinum-ruthenium 0.084 0.031 3 150 3 150 
Tungsten 0.188 0.062 6 4 
Silver 0.250 0.062 10 5 



















2)(0)()()) ©) 
porcaene wae 
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Fig. 14—Above — Four-pole, double-throw 
slide switch has terminals coming out both 
bottom and side to keep size down. This 
_ Switch is rated 0.5-amp at 125 volts ac or dc 





Fig. 15—Right—A variety of _ and sizes 
of mercury switches are available. Some are 
encased in protective housings to decrease 
possibility of breakage 
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LEVER-OPERATED SWITCHES 


switch fitted with the lock can be operated. 

Leaf blades of the basic buildup may be made 
of phosphor bronze, beryllium copper, nickel, silver 
or other alloy which will provide the necessary 
strength, corrosion resistance and resistance to re- 
peated deflection. Blades are insulated from each 
other and from the mounting plate by spacers and 
insulating tubing around the clamping screws. 

Contact points are made from various materials 
such as palladium, tungsten, platinum-ruthenium 
and silver alloys. Current carrying capacity varies 
with contact material, Table 2, with 10 amperes at 
115 volts ac being about maximum. These switches 
may be obtained with insulation to withstand 
voltages as high as 2000 volts de and 1250 volts ac, 
rms. 


Lever-Actuated Rotary Switches: As many as 
four positions of the operating lever and six poles 
are available with lever-actuated rotary switches. 
This variety of switching arrangements coupled 
with small size, Fig. 11, results in a versatile 
switch in a small package. 

In operation a rotor wipes contact segments on 
a stationary plate to complete the various cir- 
cuits, Fig. 12. Switches are supplied with detent 
or indexing action to maintain contact at a selected 
position, or with spring return to a neutral posi- 






















































































tion. Neutral position may be “off” or may main- 
tain a circuit at the designer’s discretion. 

Some typical make or break current ratings for 
this type of switch are 1 ampere at 6 volts dc, 
0.12-amp at 100 volts dc, 0.15-amp at 100 v ac, and 
0.05-amp at 250 v de. Insulation is usually of 
high-quality laminated phenolic material. Termi- 
nals and contacts are usually silver plated. 

Mounting is three-hole type with the hole for the 
operating lever being a narrow slot. Mounting 
plates are available from at least one manufacturer 
which permit mounting of as many as five switches, 
side by side, Fig 13. Terminals are the solder- 
lug type. 


Slide Switches: Small size and reasonably high 
current-carrying capacity characterize the slide 
type lever-operated switch, Fig. 14. Motion of 
the operating lever is linear. Limit of multiplicity 
of contacts is four pole, double throw. 

Typical Underwriters’ approved ratings are from 
0.5 to 0.75 amp at 125 v ac or de. Mounting ar- 
rangement is the three-hole type. Terminals are 
solder lugs. 


Mercury Switches: A glass tube containing a 
pool of mercury, pure hydrogen and two or more 
electrodes, Fig. 15, which are connected by the pool 
of mercury when the tube is correctly tilted, make 
up a mercury switch. 

Since there are no moving parts, except the 
mercury, there are no moving parts to wear. Be- 
cause hydrogen, mercury, the glass tube and the 
electrodes are inert with respect to each other, 
switch characteristics do not change over long 
periods of operation. Sealed construction also 
makes mercury switches safe for use in hazardous 
atmospheres, although shock or impact may be a 
problem. Additionally, use on moving assemblies 
may be difficult or impossible. 

Although double-pole, double-throw construction 
is the most complex switching arrangement avail- 


They Say... 


“As long as we can keep our scientists and engi- 
neers equipped with the instruments we need and 
working in an atmosphere of freedom, we need not 
worry about the loss of the old frontiers of oppor- 
tunity .. . To get some idea of how fast our prog- 
ress may be in the years ahead, it is helpful to see 
how far we have come in the last decade and a half. 
Just consider, for instance, that in 1938 medicine 
had no antibiotics—and agriculture was without 
DDT. In that year there was no television indus- 
try, no synthetic rubber industry. No one knew 
how to seed clouds for rain or how to split the 
uranium atom. And we knew next to nothing 
about jet aircraft, guided missiles, or electronic 
computers.”—L. L. COLBERT, president, Chrysler 
Corp. 
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able, the designer must usually work out his own 
tilting or actuating arrangement and while so 
doing can arrange to actuate more than one switch 
with same mechanism. Degrees of tilt to actuate 
the various types vary from 0.5 to 12; this allows 
increased versatility of multiple mercury switch- 
ing set ups. 

Electrical ratings for mercury switches vary from 
1 to 25 amperes at 115 v ac for resistive loads. 
Terminal connections are usually made to exten- 
sions of the electrodes to the outside of the glass 
tubes, although flexible wire leads are also used. 
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“After years of study and discussion it seems to 
be agreed that a better balance is needed and can 
be attained in the engineering colleges between 
sound training in basic engineering principles, 2 
introduction to some field of specialized engineer- 
ing technology, some understanding of econoniics 
and human relations so important in our com) ex 
civilization, and last but not least, the deve!op- 
ment of skill in communication, in effective wri! ‘ng 
and speaking.”—J. F. FAIRMAN, vice president, 
Consolidated Edison Co. of New York, Inc. 


“We do a wonderful job of running the siide 
rule but only a fair job of interpreting what we «re 
doing to the man who benefits from our labor. We 
take too much for granted.”—A. C. MONTEITH, ''cé 
president in charge of engineering and research, 
Westinghouse Electric Corp. 






MACHINE DESIGN—October 1954 








MACHINE DESIGN—October 1954 





‘T amor-mape CAM PROFILES 
from “stacks” of washers facilitate 
precision adjustment of follower mo- 
tions to meet application require- 
ments. Developed by Collins Radio 
Co., a patented corrector mechanism 
for electronic oscillators employs a 
number of thin washers, mounted on 
a shaft, to regulate the linear motion 
of a core member traveling along a 
leadscrew. In operation, the contour 
formed by the edges of the washers 
serves to impart a differential rotary 
motion to the moving core, retarding 
or advancing the rate of linear travel 
to provide a uniform rate of frequency 
change as the core passes in and out 
of a coil. 

Precise adjustments in the cam con- 
tour can be readily obtained through 
variation of the positions of the indi- 
vidual slotted washers which are of 
minimum thickness, over 60 washers 
being required to form a 14-inch cam 
edge in the oscillator application. 
Movement of adjacent washers during 
the adjustment operation is prevented 
by thin separators. After adjustment, 
the washer stack is securely locked in 
position by means of blocks at each 
end of the shaft; one block is fixed, 
the other is threaded to the shaft and 
free to move. Close engagement of 
the main follower with the cam con- 
tour is assured by a spring-loaded 
pivoted member, also attached to the 
moving core, which contacts the side 
of the cam edge opposite the main 
follower to provide a clamping action. 


CANNING the field 
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Accurate CONTROL 

of temperature or other 

process variables is ac- 

complished automatically 

with an electronic system 

developed by Wheelco In- 

struments Div. of Barber 

Colman Co. Suitable for 

-use with any variable quan- 

tity that can be reduced to 

an electric signal, the sys- 

tem employs a no-contact 

electronic link between the 

measuring unit and an os- 

cillator control circuit. Op- 

eration of the electronic 

link is based on the change 

in inductance produced in 

two adjacent connected 

coils by a metallic member 

passing between the coils. 

In this system, a light 

metallic vane mounted to 

the indicating pointer arm 

is free to pass between two 

Ran ooh cone pickup coils which are at- 
J tached to an externally ad- 
a justable index arm and 





form part of the oscillator 
circuit. Changes in the 
Micro controlled variable, picked 
Bet up by an appropriate sens- 
ing element, actuate a pre- 
4 cision galvanometer to 
fs | 4 move the indicating pointer 
; | sense across the calibrated dial. 
re As the pointer approaches 
the control point estab- 
lished by the index arm, 
the vane passes into the 
field of the pickup coils, in- 
fluencing the inductance of 
the coils to tune or detune 
Meosurement Ocil oa — Contes Gove eda cummiies 1 
a relay or other final con- 
trolling device. High sensi- 
tivity is achieved through 
the system which provides 
positive on-off current reg- 
ulation for vane motions in 
the order of 0.006-inch 
around the control point. 
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DEAS 


Comsmation PUL- 
LEY - REDUCER mini- 
mizes conveyor drive space 
requirements and offers 
two-unit performance in a 
single - mounted assembly. 
Employed on the Concen- 
tro-Drive pulley, a built-in 
double gear reduction unit 
eliminates the need for ex- 
ternal step-down transmis- 
sions or. high torque drives 
and permits direct connec- 
tion to V-belt drives oper- 
ating at high speeds. Power 
transmission is accomp- 
lished through a double 
gear set in which an inter- 
nal gear, rigidly mounted 
to the pulley, is driven 
through two gears in a 
countershaft arrangement 
by a pinion on the drive 
shaft. Modification of V- etek Gaia 
belt sheave size, pulley size (dead) 

or gear reduction ratios of- 
fers flexibility in meeting 
application requirements. 








idle head 





Pulley shell 


"T ptanauiar CONTACT SURFACES in a universal 
coupling increase load capacity and simplify assembly prob- 
lems in misaligned shaft connections. A design developed 
by Kerns Mfg. Corp. utilizes mating triangular curvilinear 
surfaces, based on a combination of radii without tangent 
flats, in a three-piece coupling construction to transmit 
power from driving to driven members. In operation, the 
drive members are self- 
centering under all load 
conditions, eliminating 
eccentricity problems 
associated with conven- 
tional coupling types. 
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Additionally, the design 
acts to distribute the 
load over a relatively 
large bearing contact 
surface, increasing the 
joint capacity and effi- 
ciency. 
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HAFTS 


By W. J. Kupfrian 
President 
Kupfrian Mfg. Co. 
Binghamton, N. Y. 





S REMOTE positioning devices, flexible shafts 
have inherent advantages of simple con- 
struction, low cost, light weight, and few 

maintenance problems in contrast with more elabo- 
rate hydraulic or electrical servosystems. While 
not a panacea for all motion transmission problems, 
they also offer advantages in certain cases over 
conventional mechanical systems. 

With the current trend toward greater compact- 
ness of assemblies, and corresponding reduction in 
overall dimensions, flexible shafting permits or- 
derly placement of parts to provide high operating 
efficiency, ready assembly, and convenient servic- 
ing. In electronic equipment, for example, it is 
often desirable to locate switches, potentiometers 
and tuning condensers close to other related parts 
to minimize length of the electrical leads. This can 
be readily accomplished by extending a flexible 
shaft between the moving part and a remotely po- 
sitioned panel knob. With such an arrangement 
design freedom in the position of panel controls 
and in panel symmetry is made available. 

Flexible shafts are also desirable where relative 
translation between the input and output ends or 
shifting of the system might occur during opera- 
tion. Thus, during the last war, the Navy satisfac- 
torily used vast quantities of heavy-duty flexible 
shafting for regulating large valves often located 
over 50 feet from a topside control station, Fig. 1. 
These were effectively operated even after the steel 
framework of the vessel and the path of the shaft- 
ing had been distorted as a result of battle damage. 
With this type of control, flow of flaming fuel oil 
and gasoline in holds of damaged ships was brought 
under control despite conditions that often caused 
rigid transmission systems to be bent out of align- 
ment and thus rendered inoperable. 
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There are, of course, many situations were flex- 
ible shafting is unable to meet exacting require- 
ments as to minimum radius of bend, or minimum 
torsional deflection (often mistakenly called back- 
lash) between input and output ends because of 
size, weight, and physical strength limitations. In 
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many fields of application, however, flexible shaft- 
ing offers new opportunities to the designer who 
has taken some time to become familiar with the 
possibilities. 


Shaft Characteristics: A flexible shaft, or “core” 
as it is commonly known, consists of multiple wires 
wrapped helically, layer on layer, usually about a 
supporting mandrel wire, each such layer being 
wound in the opposite direction from the preceding 
layer, Fig. 2. 

Remote-control shafts ordinarily vary in diame- 
ter from 14-inch on light-duty hand-operated knob 
controls having a torque capacity of a few pound- 
inches, to sturdy windings of high-tensile music 
wire with diameters exceeding 114-inches that are 
either operated by massive handwheels taxing the 
full strength of the operator, or actuated by re- 





REMOTE CONTROL 


.Design considerations in selection 





and use for control applications 





versible prime movers for delivering torques of 
over 3000 pound-inches. 

Within normal limits, properties of a core can be 
ascertained quite accurately. Standard products, 
such as shown in Table 1, should meet all general 
requirements. Standard shaft properties have been 
well established by extensive use. Where specific 
flexible shafting having special properties is re- 
quired, it may be prepared by varying the number 
of layers of wire, number of wires in each layer, 
wire diameters in adjoining layers, type or compo- 
sition of the wire, and tension employed during 
winding operations. 

Most remote-control applications have load con- 
ditions approximately the same for both directions 
of operation, so that a well-designed shaft for this 
purpose should have generally uniform bidirection- 
al qualities as far as torsional deflection and break- 
ing load are concerned, Fig. 3. Remote-control 
shafts should be distinguished clearly from power- 
drive flexible shafts, which are usually designed 
with fewer and larger wires for rotation in one di- 





















ha 1—Heavy-duty remote-control flexible shaft on 
rps a, operates below-decks valves from topside area. 
Nypical cerminal, 6, connects valve stems or hand- 
“heels t> flexible shafting up to 15% inch diameter 


rection only—the direction which causes the out- 
side layer to tighten or wind up during operation. 
These shafts, however, exhibit poor bidirectional 
properties, are characterized by low strength in the 
unwind direction and high angular deflection. They 
should be avoided in normal remote-control appli- 
cations. Experimenters who, wittingly or other- 







IY 
- * + it ---4-- wise, attempt to apply the more readily procurable 

Hn speedometer shaft and casing as a light duty re- 
att Ay mote-control shaft are inevitably disturbed at the 


poor results. 

(6) With equalized load conditions and a fairly well- 
balanced remote-control flexible shaft, it is rela- 
tively immaterial whether the shaft is wound right- 
lay or left-lay. When an unbalanced load exists— 
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Table 1—Typical Flexible Shaft Properties 





Breaking Load Torque to Rotate 
(Ib-in. ) 90 Degrees 

Radius 

(Ib-in.) (in. ) 


0.133 
0.065 
0.080 
0.250 
0.100 
0.130 
0.090 


—Torsional Deflection— 
(deg/in. /Ib-in. ) 


Unwind 


Maximum 
Recommended 
Material Torque 

(Ib-in.) Wind 

Monel 3.5 0.96 1.3 14 12 

Steel 5 1.0 1.5 14 11 
Bronze 1.5 1.5 7 10 
Bronze 3.5 1.8 2.6 15 
Steel 7 0.5 0.5 18 
Bronze 5 2.7 2.7 18 
Bronze 7 0.8 1.0 25 
Monel 7 0.7 0.9 22 


Steel 15 0.3 0.36 50 
Monel 7 0.57 0.45 28 
Steck 15 0.45 0.55 30 
Bronze 12 0.40 0.48 31 
Steel 13 0.27 0.29 48 
Stee! 40 0.15 0.17 150 


Wind Unwind 





© © to to 
eK 


® 


0.150 
0.120 
0.060 
0.120 


0.154 
0.350 


Steel 60 0.03 0.08 160 


Steel 100 


where spring action, weight, wind forces, or similar 
conditions favor operation in one direction—the 
designer can obtain distinct advantages in choice 
of the shaft by specifying load conditions for each 
direction of rotation. These directions are usually 
designated as clockwise or counterclockwise when 
looking along the shaft from the power end. A 
shaft is thereby obtained with properties matching 
the load conditions. 

Operating efficiency of the flexible shaft is de- 
termined largely by its internal friction. This 
characteristic is usually listed among the physical 
properties, in terms of the torque required to ro- 
tate the shaft through a stipulated, relatively short 
radius of bend, and an included angle of either 
90 or 180 degrees. In many instances, such as 
where light loads or infrequent operation are en- 
countered, internal friction is not a material factor, 
particularly if the shaft is not in a cramped posi- 
tion. These internal losses, however, affect endur- 
ance limit stresses that can ve applied, and they 
may materially shorten useful life where the ap- 
plication is powered, or affect smoothness of opera- 
tion on hand-operated assemblies where radius 
of bend is small and loads heavy. Ordinarily, 
torque ratings describe a maximum recommended 
torque for the ideal, substantially straight-line op- 
erating condition, with progressively lower torque 
ratings as the operating radius decreases to a stip- 
ulated minimum. 
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Fig. 2—Typical flexible shaft 

consists basically of alternate 

layers built up from single 
mandrel wire 


Primary Design Considerations: Desired physical 
properties of the flexible shaft required for a proj- 
ect should be established as a natural first step in 
the selection of a standard unit. Primary consid- 
erations include torque to be transmitted, torsional 
deflection or yield angle that can be tolerated at 
full load, minimum operating radius to which the 
shaft must be curved, and principal direction of ro- 
tation if the load is unbalanced. 

TORQUE REQUIREMENTS: Torque required to oper- 
ate most manually rotated devices is frequently 
best determined experimentally. One simple meth- 
od consists of attaching a pulley, knob or dial of 
known radius to the shaft of the driven member, 
wrapping a piece of strong thread, fish line, or stvel 
strand about the pulley, and exerting a tension 
with standard weights or with a spring scale to 
produce the desired motion. A lever clamped or 
pinned to the shaft may substitute for the pulley, 
and a small notch in the lever at the desired radius 
may be used to locate the spring scale. Of course 
the scale must be moved as the part rotates to 
maintain correct load direction. Extending tie 
lever equally in both directions from the shaft 
compensates for unbalance introduced by ‘he 
weight of the lever itself. For moderately heavy 
loads, toggle wrenches clamped in a vertical posi- 
tion on the shaft are effective, particularly where 
rotary motion is slight so the wrench remains i 4 
relatively balanced position. 
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In obtaining such a torque value, adequate allow- 
ance should be made for any additional factors, as 
inertia effects, acceleration forces, or additional 
frictional losses that might result from high or 
low ambient temperature conditions. Additional 
losses from internal friction, and friction between 
core and casing, will develop if exceptionally long 
assemblies or small operating radii are involved. 
Many flexible shaft manufacturers in their shaft 
specifications make a substantial allowance for 
safety factor by recommending a maximum safe 
load of approximately 25 per cent of the breaking 
load for power-drive applications, though higher 
values can be used on remote-control applications 
where heating or fatigue conditions do not exist. 
On complicated applications, a prototype unit test- 
ed under actual operating conditions is effective 
in resolving questionable parameters. 

TORSIONAL DEFLECTION: Although a flexible shaft 
strong enough to meet the torque requirements 
may be selected, torsional deflection properties may 
be found to be excessive for the application, indi- 
cating the need for a stiffer (and stronger) shaft. 
Charts are usually available for standard flexible 
shafts showing the angular deflection that can be 
expected in degrees per unit of length for any 
torque load condition, for both winding and un- 
winding directions, Fig. 3. Where this information 
is not available, it is a simple matter to calculate 
the deflection from published data, since shaft de- 
flection usually varies almost in direct proportion 
to the applied load, following Hooke’s Law. 

Most tables of shaft properties show the angle 


Fig. 3—Torque-deflection properties 
of heavy-duty remote-control shafting 
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of torsional deflection at unit load and over a unit 
length, so that multiplication of that factor by de- 
sired torque and by desired length of the flexible 
shaft assembly gives approximate total deflection 
angle. Hence, a shaft picked on the basis of 
strength alone should be checked to determine how 
much deflection might be expected, and if the angle 
is found to be excessive a stronger shaft with the 
required deflection properties should be selected. 

If strict deflection requirements impose intoler- 
able shaft size requirements, consideration should 
be given to reduction in length of the flexible shaft. 
This reduction can be accomplished by extending 
the rigid input or output shafts until the two ends 
to be joined are closer together, thereby reducing 
the deflection angle of the flexible shaft. Or a mo- 
tion amplifying mechanism might be considered to 
reduce the torque requirements. Conventional belts 
and pulley or gear-train mechanisms are often thus 
used. In this type of setup the flexible shaft should 
always be installed in the portion of the system 
operating at higher speed. 

It should be borne in mind that if controls are 
expected to operate in both directions, combined 
deflection angle is the sum of the two angles re- 
sulting from operating the shaft first in the windup 
and then in the unwind direction from no-load to 
full-load positions. The designer should establish 
as liberal deflection requirements as possible in the 
interests of keeping size, weight and cost of the 
shaft to a minimum. 

MINIMUM OPERATING RADIUS: Assuming that a 
selected shaft meets the torque and deflection re- 
quirements, the required operating curvature of 
the shaft should be checked as to minimum oper- 
ating radius. Although, in some instances, a shaft 
may be operated about smaller radii than recom- 
mended, the application should be checked very 
carefully. These sharper bends create additional 
internal stresses in the shaft which, in effect, in- 
crease the applied load and may in turn affect nor- 
mal operation. Most shafts can be compressed into 
a loop under mild pressure to a definite resistance 
point, and the distance across the resulting circle 
often is referred to as the “loop diameter.” In 
this condition, the curvature is too tight for nor- 
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Fig. 4—Hexagonal or square crimped 
shaft ends form inexpensive terminals 
for spline or set-screw connections 
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mal operation. As a rule of thumb, however, most 
shafts can be operated safely when the loop is 
opened up 100 per cent until the radius roughly 
equals the “loop diameter.” Minimum operating 
radius requirements should be relaxed to permit 
the largest radius consistent with good design, 
thereby reducing frictional losses, increasing use- 
ful shaft life, and providing smoother operation. 
DIRECTION OF ROTATION: Most remote-control 
flexible shafts are designed to exhibit similar 
properties in either direction of operation. Hence, 
it is ordinarily unnecessary to consider the direc- 
tion of rotation or, conversely, to consider whether 
the outer layer of the shaft is right or left lay. 
In some installations, however, the weight of the 
operated part, a preloading spring or other similar 
conditions tend to unbalance the load. This is of 


Fig. 5—Typical Shaft Terminals 











Male and female slotted fittings for 
friction or pin drive connections. 
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Positive-action male and female fittings. 
These types have moderate backlash. 





Splined fittings, usually with 12 or 15 
teeth, popular in military applications. 











Simple male fitting, and. 
knurled operating knob 


concern, since it may permit utilization of a shait 
having unbalanced properties that correspond with 
the unbalanced load, thereby offering possible a:- 
vantages in cost and weight reduction. Of course, 
for maximum performance on power-driven as- 
semblies intended for unidirectional operation, 
direction of rotation always should be specified 
to allow the use of a shaft of the proper lay, spec- 
ifically one whose outer layer tends to tighten or 
wind up during normal operation. 


Special Considerations: Additional physical con- 
ditions may affect the choice of a flexible shaft. 
Typical of these is maximum length of shaft as- 
sembly, where the shaft must extend over an un- 
usual distance. In the great bulk of remote-control 
applications, length falls in the range of several 




















Socket terminals for 
one or two set-screws. 





Panel-bushing fittings with screw- 
driver or panel-knob adaptations. 
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Threaded socket fit- 
ting generally «sed 
for power-drive of 
other unidirectiv: ally 
operated shafts. 


Plastic socket fitting 
used to isolate elec- 
trically charged shafts. 
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inches to several feet. Instances are known, how- 
ever, where shafts have been successfully operated 
over distances of 150 feet, particularly where the 
output load is light, as in telemetering systems, 
and especially where speed multipliers are used. 
In one such mechanical signal extending between 
the bridge and engine room of a vessel, an indicat- 
ing receiver was effectively operated by a 14-inch 
diameter shaft through a 6 to 1 gear train from a 
point 150 feet distant with accumulated bends of 
720 degrees between input and output ends. In 
Navy remote-control valve applications previously 
referred to, it is common to deliver torques up to 
3000 lb-in. over distances of 50 feet, even where 
numerous standard-radius curves are present. 
Longer lengths and additional or tighter curves 
introduce higher load factors, requiring a larger 
shaft. 

Also, if the flexible shaft is intended to operate 
at relatively high speeds where fatigue problems 
or heating effects might be present, such as in a 
reversible servomechanism, the shaft must operate 
within endurance limits. In some heavier installa- 
tions, load stresses have been measured success- 
fully with dynamic strain gages. 


Unusual Operating Conditions: The common or 
garden variety of flexible shaft is designed to oper- 
ate under normal atmospheric and temperature 
conditions within a weather-protected area. In the 
presence of high or low temperatures, corrosive 
fumes or moisture, flexible shaft materials should 
be selected to meet such conditions properly. K- 
Monel, bronze and stainless steel, or a combination 
of them, are generally used under such conditions 
for the core and casing construction. A plasticized 
vinyl cover frequently is used on the casing for 
more complete protection, electrical insulation, bet- 
ter appearance, or resistance to corrosive reagents 
and greases where temperature conditions permit 





Fig. 6—Flexible-shaft coupling (without casing) as 
applied to connect a remote 
potentiometer tuning shaft, switch, or similar component 
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(between — 65 and 150 F). 

Thin yellow brass sections should be avoided 
on uncovered casings, particularly in the presence 
of salt water or other chlorides, since these chem- 
icals tend to dezincify the metal, and excessive 
vibration tends to cause age embrittlement. Stain- 
less steel of the usual type 302 variety also shows 
some susceptibility to attack by salt water, partic- 
ularly in the case of repeated immersions. Bronze 
and Monel are to be preferred in such cases. 

Bronze cores are not particularly suited to high- 
temperature applications, and the material’s sub- 
stantially lower modulus of elasticity results in 
a shaft with relatively poor deflection properties. 
Type 302 spring-temper stainless steel and K-Monel 
both operate at temperatures up to 500 F without 
marked reduction in strength, or endurance prop- 
erties, though lubrication may require special at- 
tention. Both materials are highly resistant to 
action by most chemicals. 

In many military and electronic installations, 
the flexible shaft construction is required to be 
nonmagnetic. Bronze or K-Monel shafts are com- 
monly employed in such installations with casings 
of brass, bronze or aluminum. Aluminum casing 
finds special favor in airborne installations, but 
suffers from poor corrosion and wear resistance. 
Type 302 stainless steel, though an austenitic alloy, 
becomes magnetically permeable through cold 
working and is unacceptable as a nonmagnetic ma- 
terial. The core may be annealed to eliminate cold 
working effects, but this action may reduce shaft 
strength by more than &0 per cent. Special austen- 
itic wires have been developed in the stainless steel 
group, however, whose magnetic permeability re- 
mains close to unity even after considerable cold 
forming, such as is incident to drawing and shaft- 


el control knob with 




















MACHINE DESIGN—October 1954 


a7 at 















Coupling for shaft operation from 
a remote instrument panel knob. 


Screw -driver panel control, 
used for preset instruments 
where adjustment is infrequent. 





Coupling using a plastic terminal for elec- 
trically insulating a “hot” chassis shaft 
from the “built-in” diamond-knurled 
metal operating knob at the other end. 
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Coupling for connecting shafts 
of same or unequal diameters. 
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Fig. 8 — Motor - driven flexible-shaft 
coupling integrated with worm drive-shaft 








coiling operations. However, for nonmagnetic core 
operation, K-Monel is considered a preferred ma- 
terial by many manufacturers. 


Selection of Terminals: Core terminals are the 
means employed for attaching the flexible shaft 
to the driving and driven members. Perhaps the 
simplest end connection is merely a portion of the 
core itself, deformed at one or both ends to square 
or hexagonal cross section, Fig. 4, for insertion 
in a correspondingly formed socket member. A 
similar expedient is to insert the deformed end 
into a closely fitting round socket in the driving 
or driven member, and to hold the part firmly in 
place with one or more set screws. To avoid un- 
raveling of the wires by the set screw, it is cus- 
tomary to hold the wires firmly in place with 
solder or, better yet, by fusing the shaft end elec- 
trically during the cutting operation. 

Perhaps the most popular single type of separate 
core fitting comprises. a round socketed metal 
member that is swaged, crimped or otherwise at- 
tached to the core end, with one or more set screws 
extending through the wall of the fitting for en- 
gagement with the driving or driven shafts. Most 
manufacturers produce a number of available core 
fitting types for the more popular sizes of core, 
from which the designer may select the type most 
suited to his needs. Typical examples are shown 
in Fig. 5. 

Soft soldering of fittings is rarely used except 
for small quantities, and is little used in preference 


Fig. 9 — Remote-control permanent- 
magnet focuser for television tubes, 
utilizing a flexible-shaft coupling. A 
lead screw at the output end transforms 
rotary shaft motion to linear axial 
motion to vary the magnet air gap 
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to swaging or crimping for production runs be- 
cause of excessive cost. Silver soldering should 
be avoided except for special requirements, not 
only because of high material and labor cost, but 
also because the relatively high temperatures in- 
volved heat adjoining exposed shaft portions ex- 
cessively, causing substantial loss in strength. 
Most flexible shafts are wound with the wires 
essentially under initial tension which causes the 
7 shaft to unravel when it is cut unless special pre- 
cautions are taken. To insure proper tension in the 
wires and normal shaft performance, the cutting 
operation should be performed only with reliable 
equipment and by experienced personnnel. This 
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operation normally is performed by the shaft man- 
ufacturer. 

A popular type of end fitting used extensively 
for military purposes comprises a small internal 
gear having 12 teeth with a 14-inch pitch diameter 
(48 diametral pitch) for engagement with a small 
12-tooth gear formed from pinion stock and ex- 
tending from the driving and driven members. 
Threaded shaft terminals are frequently used on 
power-drive applications but are not satisfactory 


Fig. 10—Typical Shaft Assemblies 
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Set-screw connection on opposite end. 


Both ends identical 


























Internal gear fitting at each end for connection to pinion- -stock 
driving and driven members, with threaded casing ferrules. 
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for bidirectional operation. Cylindrical fittings 
formed with a radially projecting key are some- 
times used, as are fittings with square sockets or 
square shanks, particularly where slight blacklash 
in the joint can be tolerated. In some cases male 
or female fittings are slotted longitudinally to 
allow for resilient frictional engagement with the 
mating part, sometimes with wire projections ex- 
tending through the slot for positive driving action. 
Occasionally a flexible shaft requires tight con- 
nection at both ends and yet must be capable of 
slight length variation during operation, a con- 
dition satisfied by using a complete fitting with 
telescoping inner and outer parts and with co- 
operative pins and slots or keyways. 

Standard materials for fittings comprise steel 
with cadmium or zinc plating, plain or nickel- 
plated brass, and stainless steel. Phosphated 
or chromated cadmium or zinc coatings are 
usually available for additional corrosion re- 
sistance, particularly for military specifications. 
The same fitting is often offered in more than one 
material. Acetate and other similar thermoplastic 
materials are sometimes attached by a combination 
of heat, cement or pressure and are used where 
electrical insulation is required, particularly in 
connection with television or other electronic in- 
stallations having a “hot’’ chassis. 

With power-driven flexible shafts it is common 
to provide relative endwise movement between the 
core and the casing to allow for natural adjust- 
ment or float of the shaft under varying load con- 
ditions. This is generally accomplished by per- 
mitting the end fitting to slide lengthwise in the 
end connection, or by using a casing that accom- 
modates for length. With remote-control shafts, 
however, it is more customary to secure the shaft 
and the casing without provision for end play, 
which accounts for the popular use of set screws 
in the end connections. Panel bushings also are 
generally available for use with standard 14-inch 
diameter male shaft fittings, allowing a convenient 
method for journaling the input end to a control 
panel for operation by 2 control knob or screw- 
driver, Figs. 6 and 7. 


Casing Selection: Under certain circumstances a 
flexible shaft may be operated without a casing, 
Fig. 6. The resulting assembly, often known as 
a flexible-shaft coupling, consists of merely a piece 
of flexible shafting or core with necessary terminal 
connections, Figs. 7 and 8. Couplings are ideal 
for short lengths of roughly 10 to 20 diameters 
of exposed flexible shafting, Fig. 9. For longer 
lengths, or where extensive bends are encountered, 
the coupling assembly may require simple spaced 
supports, such as wire loops or eyelets. Otherwise 
the shaft should be encased to form a complete 
flexible shaft assembly, Fig. 10. 

Casings are generally used primarily to increase 
torque capacity of a shaft by minimizing its ten- 
dency to’helix under load. A casing is otherwise 
used to support the shaft more adequately, to 
protect it from damage and corrosion, and to help 
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a—Single flat-wire Monocoil casing. Designed for lizht- 
duty work, this type of casing is inexpensive. It is usual- 
ly available in a number of metals, including galvanized 
steel, brass, stainless steel or bronze. 


c—Two and four-wire (annealed and drawn) casing for 
general application where tightness is not essential. 
Typical materials are galvanized steel and bronze. 





e—Braided type consisting of a metal liner with one or 
more metal braids for stretch resistance and protection. 
These are popular in military applications but are heavier 
and more expensive. 


f—Same as type ¢ with vinyl cover winged lubricant 
retention, more attractive D5 rand electrics! in- 


sulation. Durable, strong moderately priced. 














g—Same as type d but having one or more lay: 's of 
wire braid for extra strength. Used in military >pli- 
cations. 
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retain the shaft lubricant. Casings are usually 
of metal—spring steel, bronze, stainless steel or 
aluminum. Inexpensive types comprise a single 
wire helix sometimes known as Monocoil, inter- 
locked types formed of specially shaped metal 







ivht- strip, and two-wire and four-wire nested annealed 
= and drawn shaped wires of the type popularly used 


for speedometer casing, Fig. 11. Most of these 
types are available with a plastic or varnished 
fabric-braid cover for additional strength, water 
tightness, corrosion resistance and improved ap- 
pearance, or with one or more layers of metal 
braid for improved stretch resistance and added 
mechanical protection. 
sion Ends of the casing often do not require inde- 
pendent terminal mountings, especially where the 
lighter, simpler types are used. Where the shaft 
is not sharply bent near the end, so that appreci- 
able side thrust on the end of the casing does not 
cause it to bear against the core, terminal mount- 
ings may also be unnecessary. In such instances 
for the casing simply floats on the shaft, with a slight 
ial. space allowed axially at each end of the shaft to 
provide some length adjustment where the casing 
tends to elongate from bending. Side thrust due 
to shaft bending may be overcome by means of a 
simple clamp near each end to align the casing 
concentric with the core at the end regions. Often, 
however, to provide more adequate casing support, 
less drag on the core, better sealing of the lub- 
ricant and more shaft protection, the casing is 
mounted independently at each end with casing 
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Female and male swivel nuts 
and casing ferrule assemblies. 
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Ferrule with threaded socket for receiving 
a resilient casing, and reduced-diameter slid- 
ing connector with annular set-screw groove. 
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ferrules and nuts. Where a casing is exposed to 
repeated side thrust near the ends, it may be de- 
sirable to use a strain relief consisting of a simple 
outer reinforcing such as an open helical spring. 


Casing End Connections: Ferrules generally con- 
sist of a tubular member for accommodating the 
casing with a terminal radial flange for engage- 
ment with a swiveling nut that allows the parts 
to be engaged and disengaged without rotating the 
casing. Ferrules are normally supplied in sizes 
corresponding with standard casing materials and 
with matching nuts that generally employ fine 
series threads to minimize wall thickness. Ferrules 
are generally attached to the casing by staking, 
crimping or swaging, with or without a cement or 
sealing compound. Often the ferrule is supplied 
with integral threads at one end for attachment 
to a support, requiring the casing to rotate as the 
parts are assembled, or the ferrule may be made 
to slide into a cylindrical socket or onto a boss 
where it may be held by a set-screw, Fig. 12. 
Minimum inside diameter of the ferrule is usually 
not smaller than the inside diameter of the casing, 
so as not to interfere with removal of the core from 
the case. Nuts are commonly provided with a 
knurled surface for hand tightening, or with hex- 
agon or octagon cross sections where a wrench is 
required. In aircraft applications and wherever 
excessive vibration is present, holes may be drilled 
through the nut for retaining wires. Use of nuts 
and ferrules permits a closer hermetic seal of the 
assembly. Gaskets and sealing rings sometimes are 
used in the end connections for tighter joints. 


Lubrication: With most hand-operated flexible 
shaft assemblies, lubrication does not become a 
very important consideration. Most casings have a 
hard metallic liner that reduces spalling tendencies, 
even on power-driven installations. Nevertheless 
it is customary for the flexible shaft manufacturers 
to apply a coating of light grease to the shaft 
during assembly. Special greases can be used to 
meet the need for high or low operating temper- 
atures. On most remote control applications there 
is little or no need for maintenance unless the 
lubricant should become gummy or carbonized. 
Nevertheless it is considered good design, where 
convenient, to employ one shaft fitting of small 
diameter, or of a two-piece construction, so the 
parts may be separated for cleaning relubrication 
and, where necessary, replacement. 

Occasionally, as for some military requirement, 
a shaft is required to operate at higher tempera- 
tures, typically 500 F. Greases do not operate 
satisfactorily at these high temperatures, but a 
number of new lubricants have recently become 
available for this type of service. Among these 
may be mentioned the dry types, using films of 
molybdenum disulphide, tetrafluoroethylene suspen- 
sions, and silicone-base materials. 









Automatic Ice-Making Refrigerator 
Has Copper Door 


Ff REEZER compartment door and scuff plate of one of Servel’s 

“automatic ice maker’ refrigerators are plated with satin bur- 
nished copper. Styled by Reinecke and Associates, the refrigerator 
is said to be the latest home equipment to join what has been 
described as “a booming style trend to copper.” In addition to 
attractive appearance, a novel ice-making apparatus is used in the 
new refrigerator. No filling or emptying of conventional ice cube 
trays is necessary since the ice maker automatically keeps an ice 
cube basket filled and, of course, stops making ice when the 
basket is filled. 





Seven nearly semicircular pieces of ice, called IceCircles 
by the manufacturer, are frozen at one time in the ice 
mold. Largely of cast aluminum, one end of the mold is 
plastic, assuring that the ice cube at that end will be the 
last to freeze because of the differing thermal properties of 
plastic and aluminum. A thermostatic insert in the 
plastic end controls a mold heater to loosen ice in the 
mold and a motor which drives ice-removing or ejector 
blades. One end of the signal arm on which a mercury 
switch is mounted rests on the IceCircles in the basket. 
A full basket causes the mercury switch to break contact 
and stop the ice-making operation until enough ice has 
been used to lower the level. 


Freezing cycle starts when ice in contact with heater frees the ice. As soon as the ice is free, 


plastic end of tray is frozen. In the meantime, 
previously frozen circle has been held above the 
tray by the ejector blade to dry, position 1, there- 
by preventing sticking or freezing together of 
circles in the basket. Freezing of the last circle 
turns on mold heater to melt circles loose and 
starts a motor which drives the ejector blades. As 
ejector blades revolve. dried circles fall into the 
basket, position 2. Cams on motor shaft close 
mold inlet water valve, stop the compressor, en- 
ergize the mold thermostat reset heater and open 
the water metering tank inlet valve while Ice- 
Circles are being delivered to the basket. When 
ejector blades rotate far enough to contact ice in 
the tray, position 3, the motor stalls until the mold 


= 


E jector blade 


Position 2 


ejector blades begin to sweep ice from the mold 
and a cam on the motor shaft closes the metering 
tank inlet valve. When ejector blades reach posi- 
tion 4, signal arm is lifted by a cam on the ejector 
blade shaft, breaking the contact of the mercury 
switch on the arm. If the mold thermostat has 
not reset at this time, the motor and heater are 
turned off until the thermostat resets. Rotation 
then continues, allowing the signal arm to drop, 
moving ice to drying position and, by a cam on the 
motor shaft, admitting water to the mold from the 
metering tank. When position 1 is reached again 
ice maker motor, mold heater and thermostat resect 
heater are turned off by a cam on the motor sha‘! 
and the compressor is started even though the i: 
basket may be full. The next ejection cycle wi!! 
not start, however, when the basket is full. 


Usttrarti 
Position 3 





Position 4 
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By Oliver Saari 
Development Engineer 


Illinois Tool Works 
Chicago, Ill. 


ACHINE designers are sometimes con- 

fronted with the problem of obtaining 

rotation with cyclically varying speed. 
Sometimes the object is to speed up the opera- 
tion of a machine, where a large part of the 
operating cycle would otherwise be idle time. Oc- 
casionally a varying speed is used to cancel out 
undesired variations from the motion of some other 
part of the mechanism. One simple way of obtain- 
ing varying angular motion is with universal (or 
Hooke’s) joints, which have the following advan- 
tages over some of the other ways: 


1. They are inexpensive items, stocked by many 
vendors. 

2. They can serve the double purpose of per- 
mitting misalignment of driving and driven 
shafts and providing the desired amount of 
angular speed variation. 

3. They are compact and easily installed. 


A typical construction for a single Hooke’s joint 
is shown in Fig. 1. The speed variations of a single 
joint of this kind are described in many handbooks 
and texts, but the formulas will be included here 
for completeness. 

Let 6, be the angular displacement of the driv- 
ing shaft from the “zero” position shown in Fig. 1. 
It is convenient to deal with the ratio w,/o,, which 
varies with 6, as follows: 


UNIVERSAL JOINTS | 





: 
beads 


Wb COS a 
= . = , (1) 
Wa 1 — sin? a cos? 6, 








Speed », of the driven shaft varies from a maxi- 
mum value of w, sec « when 6, = 0, 180, 360 de- 
grees, etc., to a minimum value of w, cos « when 
6, = 90, 270 degrees, etc. The speed variation goes 
through two complete identical cycles in one turn 
of the driving shaft. The ratio of maximum to 
minimum output speed is sec?a. 

Sometimes the instantaneous position of the 
driven shaft must be known. Let 6, represent the 
angular position of the driven shaft, measured 
from the zero position shown in Fig. 1. Then 
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Double universal joints are often used to form 
a flexible connection between misaligned shafts. 
Most often they are mounted in such a way that 
the angular velocity variations are cancelled out. 
However, where velocity variations are desired, 
double joints offer a wider range of possibilities 
than does the single joint. 

In determining the velocity characteristics of 
the double Hooke’s joint, use is made of Equations 
1 and 2. The instantaneous ratios of the two 
joints are multiplied together, just as the ratios 
of pairs of gears in a train. The only difficulty 
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Fig. 2—Double Hooke’s joint 
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Fig. 3—Speed variations 


in double Hooke’s joints 
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appears in determining the proper phase relation- 
ships of the various angles involved. 
The general case of a double Hooke’s joint is 


shown diagrammatically in Fig. 2. 


It is conve- 


nient to refer every possible setup to a diagram 


of this kind, where 


a = True angle between the driving and connecting 


shafts 


B True angle between the connecting and driven 
shafts (not necessarily equal to a) 
6 = Angular position of connecting shaft, zero 


2:1 Speedup 
gear 























Fig. 4 — Mechanism for 
varying-speed crank drive 
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in the position shown and positive in the di- 
rection indicated by the arrow for w 

@, = Angular position of the driving shaft, meas- 
ured from the zero position shown, positive in 
the direction indicated by the arrow for w, 

6, = Angular position of driven shaft 

\ = Angular displacement of pin 2 ahead of pin 
1, zero in the position shown and positive 
sense as indicated by arrow 

w = Angular speed of connecting shaft 

#, = Angular speed of driving shaft 

w, = Angular speed of driven shaft 


Fig. 2 is not a true picture of the most general 
case, but it is a simplified diagram which aids in 
visualizing any possible arrangement. The ve- 
locity characteristics are unchanged if the second 
joint, together with the driven shaft and the link 
pin 2, are rotated rigidly through any angle about 
the axis of the connecting shaft. Thus the planes 
of the true angles a and 8 do not need to be the 
same, and the driving and driven shaft axes may 
be intersecting or skew. However, all cases can 
be reduced to the coplanar case shown in Fig. 2, 
without changing their velocity characteristics, 
by means of the aforementioned rigid rotation 
about the connecting shaft. Thus the equations 


Fig. 5 — Prototype of tooth-spacing com- 
parator illustrating use of varying-speed drive 




































UNIVERSAL JOINTS 


which follow will be based on the arrangement 
shown in Fig. 2: 








tan @ = tan 6, seCa..... sia dk pac iat cigars bee ae 
O _ (1 — sin? a sin? 6) cos B vn 
®,  [1—sin?Bsin? (@+)] cosa — : 


tan @ = tam (0 + A) COO BD .... 2.2 eees .. (5) 


As stated before, the usual applications of double 
Hooke’s joints have an overall constant speed 
characteristic, that is, w,/w, = 1 for all values of 
6,- The constant speed condition can be seen from 
Equation 4; « = 8 and, = 0. This condition ex- 
ists when the driving and driven shafts are paral- 
lel and the two pins on the connecting shaft are 
parallel to one another, which is the usual recom- 
mended mounting for universal joints. 

The condition a = £ is, of course, always true 
when the driving and driven shafts are parallel. 
However, even skew and intersecting shafts can be 
mounted in such a way that the true angles are 
equal. Since this simplifies the computation, it is 
probably the best way to assemble the joints even 
when velocity variations are desired. 

For the setup shown in Fig. 2, the maximum 
speed variation characteristics occur when pin 2 is 
assembled 90 degrees from pin 1, so that ’ = 90 
degrees in the equations. 

A practical numerical example demonstrates 
these conclusions. Let « = 8 = 45 degrees and 
A = 90 degrees. 

Substituting these conditions into Equations 3, 
4 and 5 gives 
tan @ = 1.4142 tan 6, (3a) 


Oo _ 1 — 0.5 sin? 6 
= 1 — 0.5 cos? 6 


(4a) 








Qa 


0.70711 
tan @ 


(5a) 


tan @& = — 


When + = 0,6 = 0, wp/w = 2, and a = 90 de- 
grees. This initial position for the driven shaft 
should be visualized with the aid of Fig. 2, by ro- 
tating the second joint through the pin displace- 
ment angle of 90 degrees, and noting that the po- 
sition of the driven shaft must then be 90 degrees 
ahead of the position shown in the drawing. 

When @, = 30 degrees, tan @ = 0.81649, w/w, = 
1.1429, tan 6, = -—0.86603, and 6, = 139.107 de- 
grees. 

The computation can be repeated for other arbi- 
trary values of @,. The results for this example 
are plotted as Curve A in Fig. 3. The total speed 
variation for a case where « = 8 = 30 degrees and 
A = 90 degrees is also shown as Curve B in Fig. 3. 
The mechanism shown in Fig. 4 has the speed 
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variation characteristics similar to Curve A of 
Fig. 3. Note that the driving and driven shafts 
are at right angles, the connecting shaft makes an 
angle of 45 degrees with each of them, and the pin 
displacement angle is 90 degrees. The output 
shaft drives a crank mechanism through a 2-to-1 
speedup gear, so that the speed variation goes 
through only one cycle in one revolution of the 
crank. This arrangement was used successfully 
on an early model of the new Illinois Tool Works 
gear tooth spacing comparator, Fig. 5. Here the 
loads and speeds are low enough to permit using 


standard joints at the extreme angularities. The 
machine measures the spacing of gear teeth by 
stroking through successive teeth, and the speed 
variation reduces the idle time in each stroke. 
Where loads and speeds are high or the driven 
member has high inertia, estimates of the maxi- 
mum loads must be made and compared with man- 
ufacturers’ recommendations for the joints. Ac- 
celerations can be obtained mathematically by dif- 
ferentiating the formulas, or graphically by meas- 
uring the slopes of curves such as the ones shown 


in Fig. 3. 
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N ASSEMBLY of two zinc die 

castings holds razor blades in a 
slitter and rewinder developed by 
Charles Beck Machine Corp. Designed 
to cut roll cellophane, acetate and plas- 
tics, the slitter has blades whose spac- 
ing is set to roll width. 


DESIGN 


Die Castings 
Hold Razor Blades in Slitter 


Each holder consists of two zinc die castings 


hinged at one end so that the razor blade can 


be changed. 


Elements for assembly of the 


razor blade in the holder are cast in. 


Only opening in the parts which is not cored 
in the die casting operation is the hole for 
the set screw (arrow) which, because of its 
angle in relation to the die parting, is drilled 
and tapped. Simple trimming operations to re- 
move metal flash and broaching are the only 
other operations required. 
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MACHINE 
CONTROL 


How electrical signals proportional 
to machine operating conditions may 
be obtained and used for control 
or as indications of performance 









By E. M. Jones and J. V. Metzger 


Product and Application Engineering 
Brown Instruments Division, 
Minneapolis-Honeywell Regulator Co. 
Philadelphia, Pa. 





UTOMATIC control of a machine depends 
A upon precise measurement of one or more 

of its process or performance variables. 
These variables include such quantities as temper- 
ature, pressure and flow, speed, load, torque, tool 
wear, and faulty performance. Temperature, pres- 
sure and flow can usually be measured and con- 
trolled directly; the others are more difficult to 
keep under surveillance. In these latter cases, an 


Fig. 1—Single-element thermal con- 
verter circuit, which transforms ac 
power into proportional dc current 
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indirect method must be applied. 

One indirect method is the measurement of 
power consumption of a machine which, when 
judiciously interpreted, can be related to machine 
performance. When converted into a usable dc 
voltage, it may be employed as a means of con- 
trol. Torque and speed, also functions of machine 
performance, may likewise be converted into meas- 
urable electric currents. Devices for converting 
these variables into electrical quantities are called 
transducers. 

A transducer which will successfully transform 
mechanical or electrical power into a measurable 
electrical quantity, should have these character- 
istics: 

1. Low power consumption—it must not consume 
an appreciable amount of the power supplied to 
the equipment with which it is to be used. 

2. Reproducibility and accuracy—it must develop 
a reproducible and accurate relationship between 
its output and the actual power measured. 

3. Extraneous effects—accuracy must not be af- 
fected by -variables such as power factor and 
current level. 

4. Sensitivity—it must be sensitive enough to de- 

tect power changes of the magnitude required 
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Fig. 2—Solenoid-plunger ammeter givi 

direct indications proportional to ac ae 
er. To insure you rnearrgn only about 
40 per cent of solenoid stroke is used 














to control the power within the limits set by 
the designer. 


Power Measurement. The most adaptable trans- 
ducers for power measurement are the thermal con- 
verter, solenoid-plunger ammeter, precision shunt 
and the saturable’ reactor. 

THERMAL CONVERTER. From the machine de- 
signer’s point of view, one of the most useful 
transducers is the thermal converter. This device 
converts ac electrical power into a proportionate 
de voltage, which makes it useful as a means for 
measuring and controlling the power to mixers, 
grinders, and similar machines. Its principal ad- 
vantages are accuracy and ability to convert power 
directly with a sensitivity well within the require- 
ments of most equipment. The thermal converter 
is extremely fast acting. For example, it will pro- 
duce a change in dc output equal to 99 per cent 
of the actual change in power in less than one 
second. Of particular importance to the designer 
is its reputation for requiring little or no main- 
tenance and having extremely long life. 

The thermal converter comprises a transformer 
for voltage input, a transformer for current in- 
put, and a network of heaters and thermocouples, 
Fig. 1. Although heat generated in a resistance 
is proportional to the square of the current flowing 
in it, the output of this device is linear for power 
measurement. The circuit provides for cancellation 
of all squared terms, leaving only a term propor- 
tional to the product of the “in phase” voltage and 
current. 

A basic single-element thermal converter circuit 
is shown in Fig. 1. Polyphase models are also 
available. Output of the converter is linear at 0.1 
millivolt de per watt input, which can be main- 
tained for direct or reverse energy flow to within 
+1 per cent. Maximum input is 500 watts. In 
terms of voltage or current, the input limitations 
are about 115 volts or 5 amperes. If the current 
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Fig, 3—Above—Circuit diagram of a typical 
saturable reactor, used for measuring power 
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or voltage exceeds the maximum input limit, as 
it frequently does in many applications, suitable 
transformers must be used to reduce the input 
to the required value. Desirable limits are: 


113 to 123 volts ac 

0 to 5 amperes 

56 to 64 cycles per second 
0.75 or higher 


Voltage Input 
Current Input 
Frequency 

Power Factor 


Speed of response of these thermal converters 
is less than one second. For applications where 
rapid or transient fluctuations in power are pre- 
sent, an indicating or recording controller with a 
slower speed of response can be used. This will 
prevent excessive wear on the power-regulating 
mechanism. It has been found that for most ap- 
plications the maximum full-scale speed of response 
of the instrument need not exceed 414 seconds. In 
the large majority of installations, 12 seconds is 
acceptable. 

In addition to the basic type of thermal con- 
verter which transforms ac power to dc voltage, 
variations of this transducer are possible which con- 
vert either a-c current or (ac) voltage to a meas- 
urable de voltage. When conditions permit, more 
economical design can be achieved with a modified 
unit. Essentially these comprise only one half 
of the basic thermal converter used to convert 
power. Characteristics and speed of response of 
both the current and voltage-converting units 
are the same as those of the basic thermal con- 
verter. All three may be used with identical in- 
strumentation for measurement and control. 

SOLENOID-PLUNGER AMMETER. When economy of 
design precludes the use of a current or voltage 
thermal converter, a recording and controlling 
ammeter can be used provided the applied power 
is a reproducible function of the supply current. 
The most common industrial controlling ammeter 
available is the solenoid-plunger type, currently 
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finding wide application in cement processing on 
pulverizing machinery. This device can be cali- 
brated to within +1 per cent of full scale for 
measurements up to 5 amperes. Current in excess 
of five amperes is applied through a current trans- 
former. The solenoid-plunger ammeter is partic- 
ularly useful as a high-limit cutoff device for pre- 
venting damage to expensive eauipment by shutting 
off the applied power when it exceeds a preselected, 
manually adjustable value. 

As shown in Fig. 2, this transducer consists of 
an armature suspended in a coil from a beam bal- 
ance and spring arrangement. This is linked mech- 
anically to the pointer of the meter. 

Measured current, applied to the coil directly 
or through a current trasformer, produces a mag- 
netomotive force which positions the armature. 
Except for about 40 per cent of armature travel, 
the curve of current versus armature position is 
nonlinear. This difficulty is overcome by arrang- 
ing the linkage so that full-scale pointer travel 
occurs only over the linear portion of armature 
travel. A dashpot is added at the bottom of the 
armature to remove line frequency oscillations 
and random variations in the measured current. 
For applications requiring high-limit cutoff, an 
auxiliary pressure-measuring device or an elec- 
tric contact control unit is incorporated in this 
type of ammeter. 

PRECISION SHUNT. Current input to a machine 
may also be measured with the aid of a precision 
resistor inserted into the line in parallel with an 
ammeter. Although this device is highly accurate 
and easy to maintain it has two disadvantages in 
power applications. First, if it cannot be inserted 
in the electrical ground lead, its location requires 
the measuring circuit of the controller to be oper- 





Table 1—Characteristics of Power Measurement Transducers 
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Ac Devices 
Thermal converter Ac watts Excellent Accurate control Accurate High cost 

and recording measurement 

of watts 

Inductance Alternating Good Control and Convenient for No significant 
so'enoid-plunger current recording pressure and flow disadvantage 
alnmeter applications 

De Devices 
Precision Direct Excellent De current Simple con- High operating 
shunt current measurement struction and potential size 

and control installation for large currents 
Saturable Direct Good De measurement Insulated from Requires rectifiers 
reactor current and control high voltage in output 

5000-100,000 

amperes 
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ated at a potential above ground. This is usually 
inconvenient and, with very high voltages, may 
be too dangerous. Second it is limited in high- 
current applications. The precision shunt is eco- 
nomically feasible up to about 5000 amperes, 
but above this its large size and cost make it 
impractical. 

SATURABLE REACTOR. Although more expensive, 
the saturable reactor, Fig. 3, has an appreciably 
broader field of application. 

In this device the current-carrying wire or bus 
is encircled by a piece of iron which serves 
as the core of a reactor. The dc current in the 
bus tends to saturate the flux capacity of the 
iron core, and any change in current results in a 
change in the impedance of the reactor. Thus, the 
iron core is the primary element of the system. 
Since it can be insulated from the power circuit, 
the measuring circuit can be operated at ground 
potential. 


Torque Measurement. When the measurement 
of mechanical power is desired, the designer has 
a choice between direct and inferential methods of 
obtaining a measurable change in output for a 
corresponding change in applied torque. Of course 
direct measurement is by far the most desirable 
and convenient and should be considered during 
the initial design stage of the machine. 

A direct-measuring torquemeter is highly ac- 
curate, independent of power factor and voltage 
changes, and is equally usable on either ac or dc 
equipment. A typical example, the Baldwin torque- 
meter, is a calibrated shaft containing a bonded 
strain-gage bridge. Torsional forces developed in 
the shaft stress the strain-gage elements. The re- 


sulting distortion causes a change in strain-gage 


Fig. 5—Typical instrumentation for automa- 
tic blow tank consistency control in pulp 
mills. Power consumed by agitator is con- 
verted to a dc indication which in turn con- 
trols automatically the flow of dilution liquor 
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resistance which is proportional to the applied 


torque. This change in resistance is transmitted 
to an indicating or recording controller. 
Torquemeters have been successfully used for 
torque measurements on aircraft, automotive, ma- 
rine and stationary engines, and to make studies 
of tapping and drilling torques. These applica- 
tions indicate that such a device can be a valuable 
tool in design improvement. Because of the dif- 
ficulty of inserting torquemeters into the driv: 
system after the system has been installed, it is 
important to provide for them in original design 
One practical alternative to a torquemeter is a 
device for measurement based upon the propor- 
tionality which exists between current input and 
torque in a drive motor. Here again either the 
current-converting thermal converter previously 
mentioned, or the solenoid-plunger ammeter can 
be used as a transducer on ac equipment. The 
thermal converter, however, cannot be used to ob- 
tain such measurements -on dc equipment. For 
these, the best alternative is either a solenoid- 
plunger ammeter equipped with a dc coil or a satur- 
able reactor in conjunction with a rectifier system. 


Speed Measurement. Another transducer readily 
adaptable for speed measurement and the control 
of machinery is the tachometer-generator. This 
device produces a dc output proportional to the 
speed of the rotating shaft to which it is coupled. 
Fig. 4 shows the principal features of a typical 
unit including the drive shaft, the external ter- 
minals, and the conduit plug that is used when 
the generator is subjected to dampness or corro- 
sive atmospheres. The unit can be mounted with 
the shaft in a vertical or horizontal position. 

Output of the tachometer may be used to oper- 








Fig. 6—Detail of the thermal circuit used with 
the consistency control illustrated in Fig. 5 
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ate an indicating or recording controller. Through 
the use of gear boxes, much flexibility of measure- 
ment can be achieved. By means of an integrator, 
such quantities as the length of the product can 
also be controlled. 


Automatic Control. After selection of the prop- 
er transducer, the second link in the control sys- 
tem must be chosen. This second device must con- 
trol the final driven element with the electrical 
quantity representing the machine process. 

Indicating or recording controllers are used to 
apply the corrective action to the machine drive. 
They may be pneumatically operated to position 
valves, dampers, louvers or similar devices. Elec- 
trically operated units set relay contacts to pro- 
vide automatic control. 

TYPICAL APPLICATIONS. Consider the design of a 
control system for continuously measuring, re- 
cording, and controlling the consistency of paper 
stock by automatically regulating the flow of black 
liquor used in its dilution. A simplified sketch of 
the control loop is shown in Fig. 5. 

This represents a conventional blow-tank process 
used in alkaline pulp mills in which the consistency 
of the paper stock must be maintained at a fixed 
value. Since consistency cannot be measured di- 
rectly, inferential means must be used. For this 
system, a thermal converter was selected which 
translates flunctuations in agitator motor load into 
a de voltage directly proportional to the load. The 
voltage is conducted to the input terminals of the 
recording and controlling instrument. 

When the consistency of the stock in the blow 
tank changes, the load on the agitator and conse- 
quently the power consumed by its drive motor 
also change. Suitable voltage and current trans- 


Fig. 7—Belt weighing system using a tachometer- 

— and a strain-gage load-cell transducer. 

peed and load signals combine to show rate of 
flow of material on belt 






Recorder and integrator records 
instantaneous load and total load 
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formers connected as shown in Fig. 6 conduct this 
variation in power demand to the thermal con- 
verter, which evaluates it as a change in heat 
energy. The integrally mounted thermocouple in 
the thermal converter detects the resulting change 
in temperature and conducts it to the recording 
and controlling instrument as a dc error signal 
which actuates the servo system to reposition the 
pen. 

Difference between pen position and the desired 
control point represents a deviation from the re- 
quired consistency. The movement of the pen is 
transmitted by means of a differential linkage to a 
pneumatic control unit which translates the change 
into a corresponding change in output air pres- 
sure from a pneumatic transmitter. The output 
of the transmitter goes to a diaphragm valve 
which is located in the dilution liquor flow line. 
Thus, valve position is continuously changed in 
the proper direction to restore the consistency to 
the desired value. 

Still another example is the measurement and 
control of loose material moving continuously on 
a conveyor belt of varying speed. 

Applications include the measurement of chips 
in paper mills, fuel in coal-burning power plants, 
and ore recovery in smelting plants. Other appli- 
cations exist in cement machinery, mines, fertiliz- 
ing plants, feed mills, chemical equipment and food 
processing machinery. 

Blending of materials such as the minute ad- 
dition of vitamins to cereals, oil to coal for dust 
control, or liquids to solids carried by the con- 
veyor, can be accomplished by pneumatically po- 
sitioning a ratio or remote set point positioning 
mechanism on a secondary flow controller on the 
liquid line. 

A typical system, Fig. 7, includes an industrial 
tachometer-generator which produces a voltage 
proportional to the speed of the belt. This voltage 
is applied to a strain gage, a load cell transducer 
sensitive to compression forces, which is used to 
measure the weight of material on a section of 
the moving belt. Output of the strain gage is 
a voltage proportional to the product of weight 
and belt speed. Instantaneous flow rate is indi- 
cated on a large circular scale and simultaneously 
recorded. Accumulated weight is totalized by an 
electronic integrator. 

Summary. In the past the complex nature of 
many machines has presented a difficult problem 
in measurement and control. Power measurement 
transducers frequently provide an excellent solu- 
tion, particularly when their use is considered in 
the initial design stages of the machine. The de- 
signer, who is most familiar with the characteris- 
tics of the process, can best determine where to 
apply the device for most efficient operation and 
effective control. The needs of the application, 
the degree of accuracy required, and economic 
factors will govern the selection of the transducer 
as well as the instrumentation required. 
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C= widely used method of 
controlling mold tempera- 
ture in plastics injection presses 
is by manual control of cooling- 
water flow through channels in 
the mold. With manual control, 
wide variations in both tempera- 
ture and pressure of city water 
necessitate frequent adjustment 
of the valve; usually adjustment 
is not made until the need is 
manifested by an increase in re- 
jects. An automatic mold tem- 
perature control unit, developed 
by Sterling Inc., provides auto- 
matic control of this mold cool- 
ing water to maintain correct 
mold temperature at all times. 
Total water volume required by 
the automatic unit is low, be- 
cause cooling water is recircu- 
elivery to dies lated through the machine by 
Theres: —- ~<e an integral circulating pump. 


OS 


alee Return from A 9000-watt immersion heater 
dies . . 
& ete is controlled by a Fenwal im- 


mersion type Thermoswitch. 
es AE Cocting--. ‘Cactine Switching point of this thermo- 
N shutoff _ control stat may be set at any tempera- 
valve valve ture between 60 and 210 F by a 
+—_><}+—+ Px] calibrated knob on the front 
gE aa panel of the unit. Thermome- 
9000 -wort becker ters on the front panel indicate 
heater temperature of water being 
pumped to the dies. A cooling 
control bulb operates a cooling 
control valve to bypass hot wa- 
ter returning from the dies to a 
drain when temperature rises 
too high. Cold water from the 
supply line then feeds into the 
circulating pump to replace wa- 
ter being drained. 
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NATURAL and rising demand for 
features of speed adjustment in elec- 
tric motors is creating an almost 
unlimited array of new and improved units 
and systems. Today they range in size 
from “fleapower’’ permanent-magnet elec- 
tric motors with electronic speed adjust- 
ment, Fig. 1, to huge adjustable-speed wind- 
tunnel drives, Fig. 2. Another striking ex- 


ample is a recent installation of a twin-mo- 
tor drive for a blooming mill. It develops 
10,000 hp and is able to reverse from 40 
rpm in one direction to 40 rpm in the op- 
posite direction in one second. 

Appliances incorporate small built - in 
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two-speed universal motors, Fig. 3. Large 
3000 to 6000-hp diesel-electric, gas-turbine 
electric, or ignitron-rectifier electric loco- 
motives may also have built-in electric mo- 
tor drives, Fig. 4. 

Many ac and de electric motors may be 
controlled with a simple adjustable rheo- 
stat inserted in series with the motor input 
circuit, Fig. 5, or in the secondary circuit 
of some induction motors. Regulation and 


efficiency are not the most favorable but 
initial control equipment cost is low. 
Where more rigid regulation, speed, size 
and automatic-control requirements are en- 
countered, dc motors and more elaborate 
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control and conversion equipment is often neces- 
sary. These applications may call for separate 
power conversion units and control equipment, Fig. 
6, which are often built into the machine at vari- 
ous points. Or “packaged” drives are often em- 
ployed to convert ac to de for adjusting speed of 
integral-horsepower dc motors, Fig. 7. 

A single knob or lever may control speed and 
direction of rotation of literally dozens of motors, 
Fig. 8, or several motors in one machine may be 
individually controlled, Fig. 9. 

In the broadest sense, an adjustable-speed drive 
means one that can be purposely adjusted from one 
speed to another. Although the term is frequently 
limited to “stepless” adjustable-speed drives, it is 
applied here to “stepped” types also. Any of the 
numerous systems that convert electrical energy to 
rotating mechanical power with a smooth speed 
adjustment (infinitesimally small steps) over a 
specified speed range is a stepless type. On the 
other hand, a two-speed squirrel-cage motor is an 
example of one kind of stepped adjustable-speed 
drive. In this article both stepless and stepped 
types will be discussed. 


Basic Selection Factors: In the application of an 
adjustable-speed drive of any type, many practi- 
cal aspects require study to justify the drive itself 
or the selection of a specific kind. Basic factors 
include drive power, speed range, speed and torque 
regulation, reliability, initial cost, operating cost, 
and expected maintenance expense. 

Power, speed and torque factors depend largely 
on load characteristics and duty cycle. In adjust- 
able-speed applications load requirements are com- 
monly classified in one of three categories: (1) 
Constant power, variable torque, (2) constant 
torque, variable power and (3) variable torque, 
variable power. According to the load, a drive 
may fall into combinations of these classifications 
at different parts of a speed range. 

Duty cycle must be evaluated to determine if 
loads are steady, intermittent, or varying. Often, 
inertia of rotating parts should be carefully an- 
alyzed. Of course, since the drive is to be adjust- 
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AC POWER LINE 


able in speed, the maximum and minimum speed 
must be determined. Along with speed, the de- 
gree of regulation actually necessary must be e: 
tablished; this factor is important because regv- 
lation within unnecessarily close limits is waste: 
money and may not be required or even wanted in 
many applications. Wide speed ranges and low 
values of regulation increase both equipment size 
and expense. 

Increased reliability may or may not increase 
initial and operating costs because it is largely 
dependent on the type of drive system selected. 

Maximum drive horsepower may be limited by 
the capacity of the main power source or the 
feeder lines. For example, a domestic 110-volt line 
and panel cannot supply the electrical power avail- 
able through an industrial main power panel. 

Economic justification of an adjustable-speed 
drive of any kind requires cost comparisons with 
other means of obtaining the same result. For ex- 
ample, gears or pulleys can be changed to obtain 
different speeds. But frequent speed changes by 
such methods would raise both labor costs and idle 
machine time, and perhaps adversely affect other 
dependent facilities. Realistic analysis of these 
charges may frequently justify the higher first 
cost of control equipment. 

Of course, adjustable speed is a must where auto- 
matic sequencing, synchronization and control are 
required. Other points to consider are simplicity 
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ind flexibility of control. 

Size and weight of a machine is sometimes low- 
er powered by an electric motor that is electrically 
adjustable in speed, if control equipment need not 
be placed on the machine itself. In design or se- 
lection of drives, environmental conditions often 
are particularly important. They include ambient 
air and machine temperatures and air circulation. 
Other factors are humidity, dust, dirt, lint, flying 
liquids, flying debris, corrosive atmospheres, vibra- 
tion, shock, and hazardous locations. 

Often, the task of picking the right drive is sim- 
plified if the influences of the foregoing factors 
are logically formulated into a tentative specifica- 
tion of minimum drive requirements. Then the 
matching of these requirements with the attributes 
of all types of adjustable speed drives will narrow 
the choice to the few best selections that are 
possible. 

In the application of electric motors that are 
essentially constant in shaft output speed, the 
theory of electric motor operation is relatively 
unimportant to most machine designers. One can 
select and apply a motor to meet the specifications 








7 ig. 7— Above — “Packaged” 
“adjustable speed mera 
“ator drive with magnetic-am 
plifier control 


ote, courtesy Allis-Chalmers Mfg. Co. 





Fig. 8—Above right—A steel 
nill roll-out table with literal- 
3 dozens of dc motors con- 
_ trolled by a single lever 


te, courtesy Reliance Electric and 
Engineering Co. 
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on the basis of data concerning electric power in- 
put, horsepower, speed, speed regulation, initial 
cost, etc. 

However, when adjustable-speed electric motors 
are utilized, the electric power input and/or motor 
circuitry are usually being changed quite often. 
Therefore, familiarity is required with more than 
just the relationship of motor size to horsepower 
and whether the motor is connected to alternating 
current or direct current. 

In the selection of adjustable-speed electric mo- 
tors, understanding of basic factors which affect 
motor torque, speed and horsepower is a prerequi- 
site. At the same time, inherent limitations with 
respect to motor acceleration, deceleration, revers- 
ing, and stopping should be understood. Also, the 
factors of motor circuit protection and operating 







































































limitations of motors from a heating standpoint 
are important. Although many of these facets 
must be considered with constant-speed motors, 
they are usually multiplied in importance with 
adjustable-speed motor applications. 

Selection of the right motor for a specific ad- 
justable-speed application is an important decision. 
In some applications, many different motors could 
be specified. Sometimes it may be difficult to 
choose the particular motor that is superior in per- 
formance and initial cost and also outstanding 
from an operating and maintenance standpoint, 
except through practical experience. However, 
familiarity with electric motor operation, charac- 
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teristics, and limitations is also an aid in the ev: 
uation of pertinent drive requirements of the m»- 
chine itself. 

Motors are available in many special shap:s, 
output power ratings, voltage ratings, etc., but 
the designer is wise to select a motor that is com- 
monly available, provided it meets design requit »- 
ments. Such a motor is easy to obtain, for init:al 
assembly or for replacement, and it will usually 
cost less. Both ac and de motors are employed in 
adjustable-speed drives. The operating character- 
istics, application considerations and limitations, 
and commercially available types of both will be 
discussed in this article. 


\ SPEED ADJUSTMENT OF DC MOTORS 


\ 
—w 


Direct-current motors are widely used for appli- 
cations in which control of speed or torque is a 
primary consideration. They are by far more com- 
monly used in adjustable speed applications than 
ac motors—especially where wide speed ranges are 
required. Also in portable or mobile equipment dc 
motors are necessary because the power is fre- 
quently supplied from batteries. Factory trucks, 
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Fig. 10, lift trucks, automotive equipment, portable 
recording instruments, etc., are typical applications 
where de motors are used in great number. In in- 
dustrial plants, special equipment is required to 
convert ac power to dc power to operate adjust- 
able-speed dec motors; however, the higher initial 
investment is usually warranted by increased pro- 
duction or other benefits. 
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# = Line voltage, volts — 
E,, = De motor countervoltage, volts 
E, = De generator developed voltage, volts 
E, = De motor effective armature voltage, volts 
#, = De voltage across dc machine field, volts 
E, = Motor terminal voltage, volts 
E,,, = Voltage across de motor armature with 
load, volts 
E.w, = Voltage across de motor armature with 
no load, volts 
f = Ac frequency, cycles per second 
I = Line current, amperes 
I, = De motor armature current, amperes 
I4, = De motor armature current with load, 


amperes 
I,~, = De motor armature current with no load, 
amperes 
I, = De current through de machine field, am- 
peres 


K = Ac and de motor or generator constants 
(Subscripts m and g denote motor or gen- 
erator when used in same equation; other- 
wise, subscripts 1, 2, etc., denote different 
physical values for motor constants) 

P = Motor output power, hp 

P; = Motor input electrical power, hp 

p = Number of poles 

R, = Resistance of dc motor armature, ohms 
Ra, gen = De generator armature resistance, ohms 
R; = Resistance of dc motor field, ohms 
Ry, ser = Resistance of series field of dc series- 
shunt motors, ohms 
R;, » = Resistance of shunt field of dc series- 
shunt motor, ohms 
Riine = Resistance of lines connecting generator 
and motor armatures, ohms 
R, = Variable or adjustable resistance, ohms 
Tr, = Radius of gyration of rotating part, ft 
S = Motor rotational speed, rpm 
Sp, = Motor full-load speed, rpm 
: Sy, = Motor no-load speed, rpm 

8, = Actual ac motor speed, rpm 

8S, = Synchronous ac motor speed, rpm 

s= Slip in motor speed from synchronous, 
per cent 

T = Motor torque, Ib-ft 

t = Approximate time required to accelerate 
or decelerate a load from one given speed 
to another given speed, seconds 

W = Weight of rotating part, Ib 

Wr,? = Inertia of rotating part, lb-ft? 

» = Electrical-mechanical conversion efficiency 
of drive, per cent 

p = Speed regulation, per cent 

¢ = Total effective field flux, lines per sq in. 
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Table 1—Basic Formulas 








Direct-Current Motors* 
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Alternating-Current Motors} 





T= K, s;* 
g 120 f (a ) 
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(2) 


(3) 


(4) 


. (5) 


(6) 


(7) 


(8) 
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(10) 


(11) 


(12) 


. (13) 


(14) 


. (15) 


a (28) 





*Also applicable to ac series motors and 


universal motors. 


+Except for ac series motors and uni- 


versal motors. 















Series Motors 





Shunt Motors 











(a) Adjustable Voltage 


Decrease in EH, decreases T, 





S and P. 
T = K; I,? 
E, — Iq (Ry + Re) 
B= Ke a <2 at a 
> 
, E, — BE, 
“Ry + Ra 





(e) Adjustable Voltage 












q 


Adj 


: = 


Formulas for T and S same 
as in Table 1. Decrease in 
E, decreases T, S and P. 














(b) Series Resistance 


Formula for 7 same as in 
method (a). Usually R, maz 
< R; + R,. Increase in R, 
decreases 7, 8S and P. 





E, — I, (Ry, + Ry + Ra) 





S Ko = -_ — — 
oy 
_ E, — E, 
Re +R, +R, 
EB, — E, 
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(f) Motor Series Resistance 





Ry 





Jy Formulas for T same as in 
} Table 1. Increase in R, de- 
creases T, S and P. 
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(c) Armature Shunt Resistance 





Il 
: Ry 
Decrease in R, decreases 8, 
cE 2 tends to maintain 7, but may 
, @ A overheat field. 
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Formulas for T and S same 
as in Table 1. Increase in R, 
increases S, decreases T, and 
P remains about constant. 











E, 
I; 
R, + Ry 
E, 
Ry oe i R, 
Ij 











(d) Series Resistance and 
Armature Shunt 


Increase in R,, decreases T, 
S and P. Decrease in R,2 de- 
creases S, tends to maintain 
T, but may overheat field. 








E, — 1 (Ry + Ry) — 1g Ra 
8 = K.—— aominsomesings vinsiiai bili 
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(h) Series Armature Resistance 




















} R, 
Formulas for JT same 2 
Table 1. Increase in R, d 
, j creases 8S, but 7 and P ar 
higher than in method (/' 
| 
3. 
B, — I, (BR, + Re) 
8 = Ke 
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E, — £# 
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Shunt Motors (cont.) 





Compound Motors 








(i) 





Field Resistance and 
Series Armature Resistance 




















, y, y 
A Rye Formulas for T same as in 
Table 1. Increase in R,, de- 
E, ta Rg é 
t { creases S. Increase in Rye 
Ry increases 9. 
! E, — Iq (Re + Ra) 
Ss = Ko —_ 
$f 
— E, — Ey 
©" Ru + Re 
E,—E 
Ry, = ———- — Rr 
I, 
(j) Series and Shunt 


Armature Resistance 























(m) Adjustable Voltage 
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| 





Ft ser 
, 
Adj Decrease in HE, decreases T, 


Er Ip 8S and P. 


| ; Ka aA sh 








T= Ki Iq (9y, ser + $y, sh) 
E; —_ I, (Ry, ser + Ra) 





S = Ke 

$y, ser + $f, sh 
S. & E, ig E» 
° R;, ser + R, 


E, = E, a_ I, (Ry, ser + R,) 











~ 
™ Formulas for T same as in 
‘ ‘ Table 1. Increase in R,; or 
f Ro decrease in R,»2 decreases 3 
h and T. 
’ 
! 
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s- K> t vl 4¥n1 a “va 
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= BE, — Ip, Roi — By 
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B,— 3, — 1,8 
Ry = t b a Ya 
Ty 
Permanent-Magnet Motors 
(k) Adjustable Voltage 
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Adj 
& 


Formulas for T and S same 
as in Table 1. ¢ is not ad- 
justable. Decrease in E; de- 


creases T, S and P. 








(n) Motor Series Resistance 


Formulas for T same as in 
method (m). Increase in R, 
decreases 7, S and P. 








EB, — Ry (17 + Ig) — Iq (Ry, ser + Ra) 
97, ser + Of, sh ae 
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S = Ke- 
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Series Resistance 


Formulas for T same as in 
Table 1. ¢; is not adjustable. 
Increase in R, decreases T, 
S and P. 





B, — I, (R, + Ra) 
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(o) Shunt Field Resistance 





t R Formulas for T and S same 
as in method (m). Effect of 
R, adjustment depends on 
whether motor is connected 
short or long shunt and cum- 


i 
é 
| 
| ulative or differential wound. 

! 











Practically all combinations of speed ad- 
justment methods applied to shunt and 
series motors could be applied to compound 
motors. However, control becomes cumber- 
some and performance is difficult to predict. 


























Table 3—Standard Motor Service Factors 








Output Power (hp) AC Moters DC Motors 
1/20, 1/12, 1/8 1.4 <u 
1/6, 1/4, 1/3 1.85 wen 
1/2, 3/4 1.25* © ee 

1 1.26° : L115 
1-1/2, 2 1.20* 1.15 

3 and larger 1.15* 1.15 





For general purpose and continuous-duty motors 
having a rated temperature rise of 40 C. From NEMA 
Standards, 

*For polyphase squirrel-cage integral-horsepower mo- 
tors, these service factors apply only to Designs, A, 
B, C and F motors. 


Table 4—Standard Power-Speed Ratings 








Power Approximate Full Load Speed 
(hp) (rpm) 
1/20, 1/12, 1/8 

1%, 1 4M Sci innsks 3450, 1725, 1140, 850 
RFD evn ds see oe ee ecnded cs pias cies ek See ee 
i oss eek Bie ok on Oe & oo oe es ek 3450, 1725 
Se ib Wh ckenks ik ebs <40 4 bese Ke Gams Oe 8 Se ce ccku 3450 





For dc fractional bp constant-speed motors rated at 
32, 115 and 230 v. From NEMA Standards. 


Table 5—Speed-Regulation Limits of Frac- 


tional Horsepower Motors 








Motor Output Speed Maximum Speed Regulation 
Power* (per cent) 

Shunt Compound 

(hp) (rpm) Wound Wound 

1/20 to 1/8 1725 20 30 
1/20 to 1/8 1140 25 35 
1/6 to 1/3 1725 15 25 
1/6 to 1/3 1140 20 30 
1/2 to 3/4 1725 12 22 
1/2 1140 15 25 





For standard direct-current, constant-speed con- 
tinuous-duty motors. Based on full-load to no-load 
hot. From NEMA Standards. 

“Horsepower size listings are inclusive. 


Table 6—Speed-Regulation Limits of In- 


tegral Horsepower Motors 








Moter Motor Output Speed 
Type Power Regulation 
(hp) (per cent) 
Shunt-wound or sta- 5 and less 12 
bilized shunt-wound, Greater than 5 10 


Compound-wound, gen- 1 up a re) 








For the three basic types of direct-current mo 
tors—series, shunt and compound—typical speed, 
torque and power characteristics are shown in Fig. 
11. The compound motor can be designed to hav 
practically any torque, speed and power characte: 
istics between limits represented by the series an: 
shunt motors. 

Many factors influence the selection of a de mo- 
tor. For convenience in reference, some of thes 
factors are summarized in Tables 1 to 10. How 
they can be used in design studies will be apparent 
from the following discussion. 





ELECTRICAL CHARACTERISTICS 











Equations 1 and 2 in Table 1 clearly show which 
electrical factors determine torque and speed of dc 
motors. Also included in Table 1 are the for- 
mulas for armature current, countervoltage, effec- 
tive voltage, field flux, and field current in de 
motors in Equations 3, 4, 5, 6 and 7, respectively. 
Each of these factors either influences de motor 
speed and torque or is affected by speed and torque. 


Countervoltage: One major factor which deter- 
mines armature current is countervoltage. It is a 
generated voltage opposite in polarity to the line 
voltage and is often referred to as counter emf 
or back emf. The exact amount of countervoltage 
depends on several factors including the total flux 
strength of each field pole, number of poles, arma- 
ture reaction, speed of armature rotation, and num- 
ber of conductors on the armature. Actually, once 
a motor is built, countervoltage is mainly depend- 
ent only on field flux density and motor speed, 
Table 1, Equation 4. 


Armature Current: Equation 3 in Table 1 shows 
that armature current is a function of effective 
voltage, the countervoltage subtracted from the 
terminal voltage, divided by armature resistance. 
Armature current can also be thought of as the 
algebraic sum of two currents which are trying to 
flow in opposite directions in the armature. Thus, 
armature current is quite high when a motor 's 
first energized. The only factor limiting curre! 
flow is the ohmic resistance of the armature winc- 
ings and brushes as countervoltage is zero unt! 
the armature begins to turn. Because of th 
high starting current, direct-current motors abo\: 
2 or 3 hp are usually started on reduced voltag‘ 
starters, such as a face-plate controller, to preven! 
damage to the motor. 


4 


ii 


Motor Torque: Armature windings and brush 
of a de motor are so arranged that when energiz 
with current the armature becomes, in effect, 
strong electromagnet. The armature electroma;- 
net “poles” are offset enough from the motor fie:4 
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poles by position of the brushes on the commutator 
to cause maximum attraction or force between 
pole field and armature field and thus maximum 
turning torque. Motor torque is dependent on pole 
flux density, number of effective armature con- 
ductors, effective length of conductors, armature 
diameter, armature current, etc. However, once a 
motor is built the only factors which can be 
changed or adjusted to any extent to control 
torque are field flux strength and armature current 
as shown in Table 1, Equation 1. It should be 
noted from this equation that torque is independent 
of speed. 

In the shunt motor, if field flux is held constant 
and starting current through the armature is three 
times normal full-load current, twisting effort or 
torque from the shaft of the motor will be in the 
order of 300 per cent rated full-load torque. 

In the series motor of both the ac, dc, and uni- 
versal types, field current and armature current 
are equal. Thus, if starting current is three times 
normal in the series motor, torque at starting will 
be about 900 per cent of normal. 

For another comparison, assume that a series 
motor and a shunt motor are called upon to handle 
the same torque demand, such as 150 per cent of 







il 
— 


| 


eee 


ass 
ereuae 


MACHINE DESIGN—October 1954 





2 oe Sak 


[ 
mae a ENA | | 


sede een iil 
| 


ADJUSTABLE-SPEED 
ELECTRIC-MOTOR DRIVES 


full-load torque. The series motor would require 
a little over 120 per cent of normal full-load 
current. 

Speed of series motors varies more than that of 
shunt or compound motors for comparable load 
changes. It will be shown later how series motors 
are operated as separately excited shunt motors 
with electronic type speed controllers and have 
excellent operating characteristics. 


Motor Speed: In the de motor, speed may be 
changed over quite a range without appreciably 
reducing motor efficiency. This is one of the out- 
standing features of the de motor for adjustable- 
speed applications. Operating speed of a de motor 
is controlled by the armature terminal voltage, 
armature resistance, and field flux density. When 
more load is applied to the motor shaft, the motor 
naturally tends to slow down slightly (assuming 
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a constant field strength). This action reduces the 
counter emf and more armature current flows; thus 
motor torque increases. Since torque usually in- 
creases more than speed decreases, on a percentage 
basis, power of a motor usually increases under 





load. 


It would appear that if voltage across the motor 


ble Sbcatin of Direct-Current Motors 





ree 





Compound- 
nt-Wound Shunt-Wound Wound Series-Wound 
nstant-Speed Adj.-Speed Constant-Speed Varying-Speed 
ieee Regulation* 
‘Btoi2 per 10to 20 per 25 percent with Theoretically infinite 
“eent without centwithout standard com- 
‘@pecialcon- special con- pounding. 
_ trol trol 
ne Depends on 
: amount of series 
winding 
Speed Control Range 
From 2 per From 2 per Normally from From zero to maxi- 
cent of base centofbase base speed to mum speed depend- 
“Speed by speed by 125 per cent ing on control and 
Voltagecon- voltagecon- base speed by load — 
trol to 200 trol to 600 field control 
per cent by per cent by 
“field weak- field weak- 
~ ening ening 
Starting Torque 
_ Good—-125 to 200 percent Good-— 130 to High— 300 to 350 


of full-load torque. Varies 


directly with 


armature 


" supply voltage. Limited by 
_ starting resistance 


260 per cent 
full-load torque. 
Limited by 
starting resist- 
ance 


Maximum Momentary Operating Torque 
125 to 200 per cent. Lim- 
‘ited by commutation and 


130 to 260 per 
eent. Limited by 


per cent of full load 
torque. Varies as 
the square of cur- 
rent. Limited by 
commutation and 
heating 


300 to 350 per cent. 
Limited by commu- 


- heating commutation tation and heating 
B and heating 
Typical Applications 
Metal-working machines, Pulsating loads Traction cars, 
| Wood-working machines, such as con- cranes, hoists, car 
~ Biewers, conveyors, cen- veyors, plunger dumpers, elevators 


 trifugal pumps, fans 


—— 


pumps, shears, 
erushers, hoists, 
elevators, bend- 
ing rolls 





_ *Special control methods provide speed regulation down to % per 
@ent and less on any of these motors. 


ADJUSTABLE-SPEED 








ELECTRIC-MOTOR DRIVES 











armature or motor field, or both, were adjustable 
and controllable, any speed, torque and horsepower 
could be obtained. Actually, of course, this is not 
so because of limitations of current capacity of 
armature and field windings, limits of commutation, 
centrifugal forces in the armature at high speeds, 
practical voltage limits of motor insulation, resid- 
ual magnetism, and motor heating at low speeds 
and under overloaded conditions. 

Speed of a de motor is usually adjusted by con- 
trolling the voltage to, or the current flow in, the 
armature curcuit and/or field circuit. Resistors 
may be employed to control speed by various cir- 
cuit arrangements. The effectiveness of various 
methods depends largely on the location of the con- 
trol in the motor circuit and the type of motor. 
Tapped fields and split fields are sometimes em- 
ployed, too. Adjustable-voltage power sources are 
also commonly used to control dc-motor speed. 

Direct-current motors can also be adjusted in 
speed by shifting brushes. The more distant the 
brushes are positioned from the neutral commutat- 
ing zone, the slower the motor speed because of less 
favorable commutation characteristics. This meth- 
od is sometimes used with universal motors on 
machines such as food mixers. The mixer speed- 
adjustment knob moves the brushes with respect 
to the motor field poles. The method has at least 
two drawbacks: low motor power at low speeds, 
and heavy sparking which is injurious to the com- 
mutator. 

In one early method of adjusting speed of dc 
motors a tapered armature was moved axially rela- 
tive to tapered field poles. This displacement con- 
trolled the effectiveness of the field flux upon the 
armature flux or vice versa. Another version of 
this same approach was to move field poles me- 


Table 10—Effects of Line-Voltage Variation on Direct-Current Motors 
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Standard Shunt Motors _ 
Slightly lower Nochange Slightly higher 

Slightly higher No change Slightly lower 
Slightly higher No change lightly lower 
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chanically in or out radially to reduce flux effec- 
tiveness. In these methods of speed control, opera- 
tion under load was somewhat poor and adjust- 
ments took time. 





SERIES MOTORS 











Speed of a series motor is quite sensitive to load; 
thus this motor is classified as a varying-speed 
motor. Reasons are apparent from the series- 
motor speed equations in Table 2. An increase in 
armature current reduces speed by (1) producing 
a larger /, R, drop which reduces countervoltage 
and (2) increasing field flux. Therefore, speed 
can be reduced by any methods that lower counter 
emf, such as by a series resistor, Fig. 12, or in- 
crease field flux, such as with a shunted armature, 
Fig. 13. 

If enough series resistance is added in the cir- 
cuit of Fig. 12, motor speed can be decreased to 
zero, but 50 per cent speed reduction is usually 
considered the practical limit. With the series 
rheostat speed-adjustment method, initial control 
equipment cost is quite reasonable. Maintenance 
cost is low and reliability of operation is high, be- 
cause there is practically no wear, if the design 
provides for dissipating heat generated in the re- 
sistors. Of course, overall efficiency is poor at 
reduced speeds, but this factor may be of small 
importance. 

In the shunted armature method, Table 2(c), 
speed range is somewhat less, but speed is likely 





to be more stable, and starting torque is better 
because of a stronger field. 

Another way to obtain series-motor speed cor 
trol over a wide range and still retain reasonabi: 
stability at low speeds is to use a combination of 
resistors in series with the motor and a shun'- 
ing resistor across the armature as shown in Tabi: 
2(d) and Fig. 13. Actual test with the load applied 
to the motor is required to determine necessar 
resistance values and wattage ratings of the r:- 
sistors. Such testing is also needed to assure 
maximum speed stability. By adequate shunting, 
an essentially constant-speed characteristic is ob- 
tainable. Care must be taken to limit additional 
field current or time duty so that temperature rise 
of the field remains below a permissible limit. Be- 
cause of the waste energy, the method is usually 
only recommended for intermittent duty or tem- 
porary slowdown. 

To make a series motor run faster than normal 
for a given load, a variable resistance can be 
shunted across the field winding to reduce field 
current and, in turn, field flux. Then, adding a 
second resistor in series permits speed control 
below and above rated speed. 

Any of these resistor speed-control methods 
could be applied to series motors in which the field 
circuit is split into two parts for reversible service, 
Figs. 14a and b. In another form of speed adjust- 
ment, which employs a split-field series motor and 
a special resistance controller, the two fields are 
connected in series with various values of resist- 
ance for low speeds and connected in parallel along 
with the same resistance value steps for higher 
speeds. A similar arrangement is utilized on elec- 
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tric traction motor drives. Two separate series 
motors are connected in series at starting and low 
speeds. The resistance controller is constructed so 
that at about half-speed the motors are switched 
in parallel. 

Series motors can be designed with tapped wind- 
ings and, thus, speed steps are obtained with dif- 
ferent taps and different effective ampere turns, 
Fig. 14e. 

Stepped speeds can be obtained by switches, face- 
plate controllers, Fig. 15, drum controllers, Fig. 16, 
and master switches used with appropriate re- 
sistors. A list of typical values and types of ad- 
justable resistors is shown in Table 11. Resistors 
and controllers must have higher wattage ratings 
if they are to be used for both starting and speed 


control. 





SHUNT MOTORS 











Speed of a shunt motor is far less sensitive to 
changes in load than the series motor. Assuming 
line voltage is held constant, the motor tends to 
slow down when more load is applied because arma- 
ture current increases, which increases the /, R, 
drop and lowers speed, Table 1, Equation 2. Ac- 
tually the J, R, drop is small relative to E;, so that 
speed drop is small. 

Another factor actually helps the shunt motor to 
maintain constant speed. An increase in armature 
current causes an increase in the armature mag- 
netic field flux. This increased flux opposes and 
tends to cancel out a portion of pole field flux. 














reversible split-winding series motor, a. 
provides different preset speeds in each direction. 


Tapped windings provide stepped speeds in series 


type motors, ¢ 
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Fig. 15—Right—Interior of face-plate controller 
used for starting dc motors. Special controllers can 
be used for both Starting service and resistance speed 

control of motor circuits 


Fig. 14—Below—Resistance speed-control circuit for 
Circuit b 
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This offsets some of the countervoltage decrease 
due to the increased J, R, drop, and helps the shunt 
motor maintain more constant sneed under load. 

Because of these characteristics the shunt motor 
is often referred to as a constant-speed motor. 
Speed regulation is usually 12 per cent or less for 
motors in the 1 to 5-hp size range and 10 per cent 
for larger motors. 

Another type of shunt machine is the stabilized 
shunt-wound motor. It has a field winding con- 
nected in series with the armature. This winding 
has the effect of modifying speed characteristics 
and at the same time improves motor torque, par- 
ticularly in applications where load changes rap- 
idly. Regulation of this motor is usually higher— 
15 to 25 per cent as shown in Table 6—because it 
is operating somewhat like a compound motor. 


Methods of Increasing Speed: Speed of any shunt 
motor can be increased by any method that raises 
motor terminal voltage or lowers field strength. 
The latter method is often termed field weakening. 

Speed on most standard direct-current constant- 
speed shunt motors listed in Table 7 may be about 
doubled in speed with series resistance inserted in 
the field circuit, Fig. 17. Some of the larger size 
motors are limited to lower speeds because they 
cannot be operated safely above the speeds listed 


in Table 7. 






Photo, courtesy Cutler-Hammer Inc, 




















Even though speed can be doubled with field 
weakening, this practice is usually not considered 
too practical for speed increases more than 20 or 
25 per cent above normal. If speeds much higher 
than rated are desired, so-called adjustable-speed 
shunt motors, Table 8, are more efficient. Such a 
motor is specially designed to operate safely at 
speeds greater than 200 per cent of normal. An 
adjustable-speed motor is defined as one whose 
speed can be adjusted as and when desired, but 
once a speed is selected, it remains practically un- 
affected by changes in load, much like the constant- 


speed shunt motor. The adjustable-speed motor is 
to be distinguished from the varying-speed motor 
which applies to a machine whose speed varies 
rather appreciably with load. 

Adjustable-speed shunt motors are designed to 
permit greater field weakening so as to run at 
speeds as high as 8 times base speed. However, 
standard adjustable-speed motors are usually rated 
for 3 to 1, 4 to 1, or 6 to 1 service, Table 8. Limits 
within which speed can be changed by field control 
are set by both mechanical and electrical factors 
and the latter are often more significant. The 
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higher the permissible speed range, the more ex- 
pensive the motor becomes, of course, because the 
fields are especially wound and the motor frame is 
special. 

As shown in Fig. 18, standard adjustable-speed 
shunt-wound motors are designed to carry either 
a constant-horsepower or tapered-horsepower load 
over the speed range. The constant-horsepower 
ratings are further subdivided into continuous op- 
eration with a permissible temperature rise of 40C 
and one-hour operation with a 50C temperature 
rise. 

Rating a motor for continuous operation with a 
40C temperature rise means that it will develop 
rated power from 150 per cent of base speed and 
up with only a 40C temperature rise Fig. 18a. How- 
ever, from base to 150 per cent of base, the tem- 
perature rise may reach 50C. The 50C rise is 
usually considered safe. An adjustable-speed shunt 
motor rated for one hour operation with a 50C 
temperature rise can be rated at the next higher 
horsepower rating as shown in Fig. 18b. Actually 
the same motor can have a tapered horsepower rat- 
ing, Fig. 18c, for continuous operation with a 40C 
temperature rise because of greater ventilation 
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from the motor fan. 

The important result of this rating system to 
the designer is the fact that, for example, a 10-hp 
adjustable-speed ‘motor can do the job of a 15-hp 
motor on adjustable-speed applications if (1) op- 
erated most of the time at speeds higher than about 
three times base speed or (2) if used for only short 
periods of time. 

Controlling speed of a shunt motor with an ad- 
justable resistor in series with the shunt field 
gives a constant-horsepower variable-torque char- 
acteristic in which torque decreases with speed in- 
creases. Motor horsepower size that can be con- 
trolled is quite high since little current flows 
through the shunt field, relative to that in the 
armature. Speed regulation is poor at high speeds; 
for example, it is about 25 per cent at maximum 
speed on a 4 to 1 speed-range drive. 
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Calculating Field Resistance: Motor speed varies 
in direct proportion to field flux as shown in Table 
1, Equation 2. However, field flux does not vary 
in direct proportion to field current and thus motor 
speed does not either, Fig. 19. The exact shape 
of this curve depends upon the region of the field 
magnetization curve used for a given field current 
range. The actual speed-current and speed-resist- 
ance curve must be available for determination of 
the proper field rheostat resistance and wattage 
values. These curves are sometimes available from 
motor manufacturers along with recommendations 
of practical speed limits for a particular motor. A 
speed versus current and field resistance curve can 
be determined experimentally by the use of an am- 
meter and voltmeter to calculate resistance. Also 
field resistance could be determined with resistor 
decade boxes or ohmmeters. 


Methods of Decreasing Speed: Any method that 
reduces armature countervoltage will reduce shunt 
motor speed. Thus reducing line voltage will re- 
duce speed. Of course, field flux will decrease, too, 
which has the effect of tending to increase speed 
but the drop in armature voltage has a far greater 
effect on speed. 

Voltage on the motor can be varied by means of 
an adjustable voltage supply such as is possible 
with ac motor-de generator sets or rectifiers. These 
will be discussed in greater detail later. 

Speed can be lowered simply by adding an ad- 
justable resistor into one side of the line, Table 12. 
Reduction of speed to about 50 per cent of base is 
considered a practical minimum especially for 
larger motors. Although control equipment cost 
is low, efficiency and speed regulation are poor 
because the field is weakened, too. 

Better control is possible with an adjustable re- 


sistor placed in series with the armature, Fig. 20 
Although the practical and economical speed rang: 
is still only about 2 to 1, motor speed stability is 
somewhat improved. However, speed regulation is 
often as high as 50 per cent at the low speed. Of 
course, the method could only be used on motor 
up to 40 or 50 horsepower because of the limita 
tions of rheostat size. 

Shunt motors may be successfully reduced to 
about 10 per cent of base speed by shunting the 
armature with a resistor in addition to a resistor 
in series. This greatly improves speed regulation 
over what it would be if the speed were to drop to 
10 per cent of base with the armature series resistor 
alone. Of course, efficiency is quite low since ap- 
preciable power is dissipated in the resistors. 

Addition of series and parallel resistance to the 
armature circuit of a direct-current motor is espe- 
cially applicable to motors used intermittently for 
low speed service and where resistor power losses 
are not of great enough importance to warrant a 
more elaborate speed-control system. 


Combination Armature and Field Current Con- 
trol: Wider speed range can be provided by com- 
bining both armature and field resistor control with 
the two methods described previously. A practical 
range of 8 to 1 for armature series resistor and 
field series resistor is then possible. Speed regula- 
tion is about 25 per cent at 400 per cent base speed, 
about 10 per cent at base speed, and 50 per cent 
at low speed. This type of drive is a constant- 
torque, variable-power drive below base speed and 
a variable-torque, constant-power drive above base 
speed. 

Speed range could conceivably be extended to 
20 to 1 by having a combination of resistors shunt- 
ing the armature, in series with the armature, and 











Photo, courtesy Small Motors tue 





Fig. 21—Permanent-magnet motor, 34 by 7/g by 
134 inches, rated at 1/500-hp. Such motors op- 
erate up to 20,000 rpm 


Fig. 22—Current, speed, torque, power, and ef- 
ficiency characteristics of 26-v dc permanent- 
magnet motor 


Photo, courtesy Barber-Colman Co. 
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Speed varies widely 


with the load. 50 per 
cent reduction of full- 


load speed is maxi- 
mum used on larger © 


motors — more on 
smaller motors — de- 
pendent on type of 
load. 
















AC Series 
DC Series 
Universal 


Reduces speed but 
maintains torque. 
Speed varies less wide- 


“Jy with the load than 


with motor series con- 
trol. 50 per cent re- 
duction of full - load 
speed is maximum 
used on larger motors 
— more on smaller 
motors—dependent on 
type of load. 















AC Series 
De Series 
Universal 


Widest speed range— 
maintains torque. 
Useful where toad 
varies. Speed remains 
fairly constant re- 
gardiess of load. 
Range of 5 to i or 
more is possible de- 
pending on type of 
load, 















Dc Shunt 
DC Compound* 


Most used type for in- 
tegral-horsepower in- 
dustrial applications. 
Speed remains fairly 
constant at any load. 
Speed increases with 
added resistance. 
Range depends on mo- 
tor design. Field must 
never be opened. 











DC Shunt 
DC Compound* 


Used to lower speed. 
Speed varies with 
load, Speed decreases 
as resistance is add- 
ed. 50 per cent max- 
imum on larger mo- 
tors. 













DC Shunt 
DC Compound* 


Used for widest speed 
range. Speed varia- 
tion with load de- 
pends on position of 
control. Speed range 
depends on motor de- 
sign, 














AC Polyphase 
Wound Rotor 


Standard method for 
wound rotor motors. 
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* General characteristics of control apply to shunt motor. 
Specific design of compound motors must be considered 
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in series with the field. But manual control would 
be difficult and possibly dangerous. 

Basic equations are listed in Table 2 for shunt 
motors. 





PERMANENT-MAGNET MOTORS 











The permanent-magnet motor, Fig. 21, can op- 
erate on only direct current and has characteristics 
similar to the shunt wound de motor. Characteris- 
tics of a typical permanent-magnet motor are 
shown in Fig. 22. The permanent-magnet motor 
is somewhat more efficient than a shunt wound 
motor because no electric power is required from 
the line to produce the motor field. There is re- 
newed interest today in the permanent-magnet mo- 
tor because of the availability of higher practical 
power sizes and smaller physical sizes for the 
same horsepower. Better magnetic materials have 
produced these improvements. 

The permanent-magnet motor can be electrically 
adjusted in speed by an adjustable voltage supply 
or by inserting resistance in series with the arma- 
ture, Table 2 (k) and (1). Speed of the perma- 
nent-magnet motor varies in almost direct propor- 
tion to input voltage at a given torque load. For 
example, at small torque loads, if the voltage on a 
26-volt motor is adjusted from 8 to 40 volts, 
speed values corresponding to this voltage range 
may vary from 3000 to 15,000 rpm. 

The permanent-magnet motor can only be used 
on light loads at lower voltages since stall torque 
varies almost in direct proportion to input voltage. 


Reversing and Braking: Permanent-magnet mo- 
tors can be reversed by reversing the direct-current 
input voltage polarity as shown by the three meth- 
ods in Fig. 23. Small permanent-magnet motors 
can be dynamically braked by shorting the brushes, 
Fig. 23. With resistance inserted in series with 
the positive side of the line in Figs. 23a, b, c or 
reducing voltage, speed can be adjusted in either 
direction. If separate adjustable resistors are 
placed between points A and B or B and C in 
Figs. 23a, b, c, speed could be separately varied 
for each direction of rotation. 





COMPOUND MOTORS 











In the compound motor, speed variations due to 
load changes are much less than occur with the 
series type motor and greater than the shunt type 
































































motor. The compound motor has a narrower ad- 
justable speed range than the shunt motor, but 
starting torque is greater and the motor can with- 
stand heavier overloads. The compound motor is 
not particularly well suited for applications re- 
quiring speed variation by means of field weak- 
ening. With a weakened shunt field, the series 
winding provides a larger percentage of the total 
field; thus the motor has abnormally high regula- 
tion—sometimes 25 per cent or more. Motors of 
this type have a maximum speed of about 125 per 
cent by field weakening. 











Standard motors of this type have a cumulative 
compound winding; the differential-compound wind- 
ing is limited to special applications. Compound 
motors find application where starting loads are 
heavy or where loads are changed suddenly and 
violently such as in printing presses, punch presses, 
and reciprocating pumps. 

Formulas for some basic speed-control methods 
are tabulated in Table 2 (m), (nm) and (o) and 
general characteristics in adjustable-speed oper- 
ations are shown in Tables 9 and 12 along with 
typical applications. 
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\, ADJUSTABLE VOLTAGE MOTOR-GENERATOR DRIVE 


Although portable motor-powered equipment and 
transportation equipment almost always have dc 
power available, most industrial and commercial 
power systems supply only ac power because of 
distribution economy. However an ac system pre- 
sents a problem when dc motors are required. To 
solve this problem, a number of ac-to-de conversion 
systems, and many methods of controlling input 
and output, have been developed. Next have come 
standard “packaged” adjustable-speed drives built 
in quantity with resultant cost reduction. These 
drive systems provide adjustable dc voltage outputs 
for de motor speed control. 

The ac-to-de conversion units and speed-control 
equipment may be in one unit or in a number of 
units. These adjustable-voltage drives have devel- 
oped to the point where they can be easily inte- 
grated into the original design of a complete ma- 


204 


Many of these drives are built for complete- 
ly automatic motor-speed control and regulation. 
Often all that needs be added to them is a suitable 
transducer to change operating constants into me- 
chanical, hydraulic, pneumatic or electrical signals 
that will actuate internal controls in the «rive 


chine. 


package. These control signals can act to acc:ler- 
ate or decelerate motor speed at a fixed rate, ac- 
curately regulate speed through wide load fluc ‘ua- 
tions, and synchronize several motors and 0}!<ra- 
tions such as encountered in automation lines 
Since the output voltage of these drives is usally 
controlled from voltage or current signals, control 
components can be easily modified to fit particular 
application requirements. Packaged units a! of- 
ten constructed from basic prewired subassem ‘lies. 
For each particular application, the required type 
and number of subassemblies are rack or panel- 
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mounted with the necessary accessory controls 
added. Thus with control components and subas- 
semblies that are already designed and field tested, 
custom-built drives are not prohibitive costwise. 
These drives are available for motors in the frac- 
tional horsepower sizes up to hundreds of horse- 
power. 

Packaging also has other advantages: easy ship- 
ment, handling, and simple installation. Also, elec- 
trical components and equipment are protected 
from dirt, dust, flying debris, flying liquids, corro- 
sive elements, etc. The packaged units are usually 
fan cooled with air drawn through heavy filtering 
material. 

Ac-to-de power conversion in these drives is ac- 
complished either by motor-generator sets or by 
rectifiers. Since one of the earliest methods of ad- 
justing speed of de motors, and one still widely 
used, is by means of the adjustable output voltage 
from a generator, motor-generator type drives will 
be discussed first. 

The motor-generator type adjustable voltage 
drive is often referred to as the Ward Leonard sys- 
tem, Fig. 24. Basically this system consists of a 
de motor powered by a de generator which is me- 
chanically driven by a prime mover (electric motor, 
steam engine, steam turbine, combustion engine, 
gas turbine, etc.). The generator field and the dc- 
motor field can be either separately excited from a 
rectifier or a de generator, as depicted in Fig. 24, or 
self-excited. Speed of the de motor is usually con- 
trolled by adjusting field strength of the generator 
field which in turn controls the generator voltage 
supplied to the metor. Wider speed ranges can be 
obtained by also providing field control on the dc 
motor. 

The prime mover today is frequently an ac mo- 
tor because of the predominance of ac power in in- 
dustrial and commercial power lines. Thus the mo- 
tor-generator system is an effective method of not 
only providing wide-range speed control of de mo- 
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tors, but it is also an effective means of converting 
alternating current to direct current. The motor- 
generator adjustable-voltage system has received 
considerable design and engineering attention in 
recent years. As a result, the basic system has 
gone through extensive development and refine- 
ment. 
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Adjustable-resistance speed control of de motors 
is restricted in application because of several limi- 
tations: (1) low overall drive efficiency at low 
speeds, (2) considerable heat generation at low 
speeds, (3) poor speed and torque regulation 
characteristics, and (4) difficulty of incorporating 
fast-responding automatic sequencing, synchroniza- 
tion and regulation control. These points are of 
little importance in many applications such as the 
electric lift truck, Fig. 10. However, where high- 
speed industrial and commercial applications are 
encountered, good efficiency and fast automatic 
speed control are often design requirements. Ad- 
justable-voltage motor-generator drives can be de- 
signed to provide these features. 


Series DC Generator and Motor: One of the sim- 
plest adjustable-voltage motor-generator drives em- 
ploys a de series generator and a de series motor, 
Fig. 25. <A practical speed range of 10 to 1 is 
possible with this arrangement by means of only 








a single rheostat. The range extends downward 
from base speed to 10 per cent of base speed. Since 
a series motor is utilized, starting torques of 300 
per cent of full-load running torque and higher are 
often available. Speed regulation is about 15 per 
cent at the lowest practical speed and roughly 25 
per cent at base speed. Practical generator rheo- 
stat size is the major factor which limits motor 
size to about 15 hp. This limitation stems from 
the fact that about 95 per cent of the full-load mo- 
tor and generator current must flow through the 
rheostat at low speeds. The system has an essen- 
tially constant-torque characteristic. Regenerative 
vraking is not possible with this system since the 
fields are in series with the armatures, 


Shunt DC Generator and Motor: Because of the 
heavy current in the series type fields, the series 
system shown in Fig. 25 is usually satisfactory for 
only single-direction operation. Another adjust- 
able-voltage drive offering greater flexibility and 
wider speed range—12 to 1—is shown in Fig. 26. 
This drive is made up of an ac motor driving a 
self-excited de shunt generator which in turn pro- 
vides adjustable voltage to a self-excited dc shunt 
motor. Speed can be reduced by 60 or 70 per cent 
by lowering generator field strength and regula- 
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Today most motor-generator adjustable-voltaye 
drive systems are separately excited and are often 
referred to as “conventional” adjustable-voltaze 
drives. They are more expensive than the seif- 
excited adjustable-voltage drives, but their speed 
ranges are three to four times as great and horse- 
power is practically unlimited. 

Separately excited fields permit great flexibility 
of speed control along with relatively high electri- 
cal to mechanical energy conversion efficiency. Gen- 
erator voltage can be controlled by a rheostat in 
the generator field. If de motor field voltage is 
held constant, nearly full torque is developed by the 
de drive motor over a wide range of speed by sim- 
ply adjusting the generator field rheostat. A speed 
range down to 10 per cent of base speed is easily 
obtainable. Of course, motors operating for pro: 
longed periods of time at such low speeds under 
much of a load require forced air cooling of some 
type, Fig. 27, to prevent overheating. Speed regu- 


lation at this low speed may be as high as 50 per 
cent, but it must be remembered that this is an 
unregulated drive. If necessary, close speed regu- 
lation can be designed into this drive system. 

For the conventional adjustable voltage system 
the most basic circuit with only generator-field 


tion is about 20 per cent at the low speeds. Speed 
can be increased from 2 to 1 to 4 to 1, depending 
on the motor type, by motor field weakening. Speed 
regulation at the higher speed is approximately 25 
per cent. Speed regulation at base speed is about 
10 per cent. 





Motor field 

Fig. 25 —— Left — Ad- 

Generator justable-voltage mo- 
field tor- generator drive 
employing a_ series 
type dc generator and 
dc motor. Typical 
speed - torque curves 
for six rheostat volt- 
age settings are shown 


“© 











Data, courtesy Westinghouse 
Electric Corp. 
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Fig. 26—Right—Ad- 
justable - voltage mo- 
tor- generator drive 
employing a_ self-ex- 
cited shunt dc gen- 
erator and dc motor. 
Speed - torque curves 
show wide speed range 
above and below base 
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rheostat speed control is shown in Fig. 28a. In 
Fig. 28b, a rheostat is added in series with the dc 
motor shunt field. By control of the motor field 
also, a speed range of 4 to 1 and higher above base 
speed is possible with about 25 per cent regulation 
at 400 per cent of base speed. Motor field adjust- 
ment here again gives effectively a constant-horse- 
power, variable-torque output. 

Thus by a combination of controllable generator 
and motor fields, speed ranges of 40 to 1 and higher 
are easily obtainable. Frequently the generator 
and motor fields are controlled on tandem rheostats 
so arranged that the motor field is held maximum 
until the generator field has reached its maximum, 
after which the motor field can be weakened. 


Reversing: In the conventional adjustable-volt- 
age system, reversing the direction of motor rota- 
tion is accomplished in one of three ways: 


1. Reversing motor armature leads, Fig. 28c 
2. Reversing motor field leads, Fig. 28d 
3. Reversing generator field leads, Fig. 28¢ 


All three types of reversing can be employed 
with straight shunt motors. Either motor or gen- 
erator field reversing is more economical in initial 
equipment cost than armature reversing for mo- 
tors without series fields. This is true because mo- 
tor armature reversing contactors must be heavy 
duty to handle full armature current while field 
contactors need handle only the much smaller field 
currents. However, from other standpoints arma- 
ture reversing may be preferable. 

For motors having both a series and a shunt 
field (compound or stabilized shunt types), usually 
only armature reversing is recommended. In this 
method, current in the series field does not change 
flow direction. Therefore, the motor shunt field 
flux and series field flux are always cumulative 
and the motor provides stable operation. 

Reversing rotation by reversing either the motor 
or generator field must be used with discretion. 
In motor field reversing, the current in the arma- 
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ture and scries field does not reverse and thus 
there is a series field flux differential to the shunt 
field which may produce an unstable motor. It 
the generator field is reversed, the motor armature 
current and series field current are again reversed, 
but the motor shunt field current is not changed 
in direction. Here, too, the shunt and series field 
flux of the motor are differential and the motor 
may be unstable. It is acceptable to jog-reverse 
series-shunt type motors either by generator field 
reversing or motor field reversing. 


Jogging: In setting up processes, threading ma- 
terial into machines, etc., an independent low speed 
from the drive motor is often desired. This low 
speed which is termed inching, crawling, threading 
or jogging, is furnished by means of a transfer 
relay and contactors in the speed control circuit 
and a separate resistor, Fig. 28f, which may or 
may not be adjustable. Since only one of the 
generator field speed control resistors are ever 
connected at one time, the speed setting from one 
is not affected by the other. 


Acceleration: The rate of acceleration of the dc 
drive motor is a function of (1) how fast the 
generator field voltage can be built up, (2) moment 
of inertia of the motor and its driven load, (3) 
limitations of commutation of both motor and 
generator, and (4) motor resistance to shock 
caused by high acceleration. The latter three 
points are independent of the generator voltage 
control, except generator commutation limitations, 
and thus are factors of motor selection. Thus, 
with a given motor, acceleration is controlled main- 
ly by the rate of generator-field voltage build-up. 





Fig. 27 — Adjustable- 
speed 300-horsepower dc 
motor with frame- 
mounted blowers to cool 
motor at low speeds 


Photo, courtesy Allis-Chalmers 


Mfg. Co. 
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Acceleration for many loads is controlled by an 
inherent time delay of the generator in building 
up to its preset value. For high inertia loads, 
however, or when automatic control of accelera- 
tion is desired, field accelerating relays, Fig. 28g, 
motor driven or manual rheostats, special regu- 
lators, or booster generators may be employed. 
With field accelerating relays, speed of generator 
field voltage build-up is controlled by the rate at 
which the field accelerator relays short-out fixed 
field series resistors. 


Deceleration: Speed of the dc motor may be de- 
celerated from high speed to low speed by any of 
the four methods used for acceleration: manual 
rheostat, motor-operated rheostat, timed control 
relay or regulators, plus several braking methods. 


Dynamic Braking: In Fig. 28h a dynamic brak- 
ing circuit is included. Where quick stopping is 
required, or where speeds must be reduced rapidly, 
dynamic braking is quite effective. 

The dynamic brake circuit is simple and consists 
of a resistor in parallel with the armature and a 
contactor in series with this resistor. When the 
main contactor to the armature is opened, there is 
no current to the armature but the armature is still 
generating countervoltage. The dynamic braking 
contactor is closed, and current caused by the coun- 
tervoltage of the motor flows through the resist- 
ance. The kinetic energy of the rotating parts is 
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therefore dissipated as heat in the dynamic brak- 
ing resistor. In small motors a dynamic brake may 
consist of a direct short circuit across the motor 
armature. 

The dynamic braking effect diminishes as speed 
is reduced because countervoltage is likewise re- 
duced and thus a smaller current flows through 
the dynamic braking resistor. Hence dynamic 
braking is rather ineffective at low speeds where 
the current is low. Braking effectiveness can be 
greatly improved by reducing the resistance value 
of braking resistor as motor speed decreases in 
order to keep the current through the resistor rela- 
tively high. The dynamic brake circuit is often 
used to prevent creep during equipment change and 
set-up periods. 


Regenerative Braking: Another method that can 
be utilized to stop a motor quickly or to slow it 
down rapidly is regenerative braking. It is per- 
haps the simplest of the two electrical methods 
mentioned thus far. In regenerative braking the 
generator field strength is reduced by changing the 
field control rheostat. When the generator field 





















Thickness (in) —& 0.080 
Speed (ft/min) —= 390 

































Fig. 32—Wean Engineering Co. steel mill she 
drive with adjustable-speed multiple motor 
Photoelectric cell governs speed « 











Sketch, courtesy Westinghouse Electric Corp 


Fig. 33—-Four-stand tandem cold-reduction mill showing 
individually powered adjustable-speed dc motors that 
maintain proper strip speed through succeeding stands 





is reduced, its generated voltage drops and the 
motor, due to its inertia, begins to generate more 
voltage than it is receiving. This extra voltage 
is pumped back into the generator. Thus the gen- 
erator serves much the same purpose of a dynamic 
braking resistor in placing an electrical load on 
the motor. 

Regenerative braking is not possible with elec- 
tronic, magnetic amplifier, or adjustable trans- 
former type drives because they all contain recti- 
fiers which permit current flow in only one di- 
rection. 


Combination Electrical Braking: Another simple 
and effective method of fast braking utilizes both 
regenerative braking and dynamic braking. The 
generator field is cut loose from its excitation and 
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allowed to decay through an adjustable discharge 
resistor in parallel with the generator field. [n- 
creasing the ohmic value of the resistor raises ‘he 
rate of field current decay which increases the rate 
of generator voltage decrease, providing fas‘er 
motor slow-down. When the motor is slowed t» 4 
low value, a conventional dynamic braking circuit 
stops the motor. Either time delay relays or vlt- 
age relays can be used for the transition from ‘e- 
generative to dynamic braking. 

Another method of braking is “plugging’’ in 
which the motor terminals are quickly revers°d. 
In fact the reversing method shown in Fig. 23¢ 
could be called plugging. Plugging can be used in 
combination with dynamic braking. 


Residual Voltage Problem: Theoretically the volt- 
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age across the armature of a dc generator in an 
adjustable-voltage system should be zero at rated 
speed when no voltage is being applied to its sepa- 
rate field winding. Actually there always is a small 
voltage developed by residual magnetism flux in the 
generator field poles and generator frame. For ex- 
ample, on a 250-volt generator the residual voltage 
may be about 10 volts, depending upon the design 
of the generator and the degree of saturation dur- 
ing the previous operating period. 

In a Ward Leonard speed-adjustment system, 
residual voltage is a hindrance because it prohibits 
obtaining exceedingly low speeds. Thus, some 
means is often provided to counteract this voltage. 
Three circuits that are employed to accomplish re- 
sidual flux cancellation are shown in Fig. 29. 

COUNTERWINDING CONNECTION: One residual flux 
cancellation method is shown in Fig. 29a uses a 
counterwinding having polarity opposite to that of 
the main field. Regulating the current throwgh the 
counterwinding reduces or eliminates residual 
voltage. 

“SUICIDE” CONNECTION: A second technique for 
reducing the residual flux is known as a “suicide” 
field connection, Fig. 29b. By contactors, the gen- 
erator field is removed from the excitation source 
and is placed across its own armature in such a 
manner that a voltage is generated in opposition to 
the residual voltage. The circuit thus kills off its 
own voltage. 

COMBINATION MAIN AND SUICIDE FIELD CONNEC- 
TION: Recently a third circuit design, which is un- 
der an English patent, has been developed to re- 
produce a definite low-value countervoltage irre- 
spective of the amount of residual flux. This sys- 
tem shown in Fig. 29c is composed of two fields on 
the generator. One field is the conventional main 
shunt field while the other is a relatively small 
auxiliary field. The auxiliary field is excited across 
the generator armature terminals and it kills the 
generator voltage while the main field is excited 
in the normal direction. The result is a control- 
lable low generator voltage independent of the 
residual flux that may be present. 


Rheostat Influence on Speed Range: When a rheo- 
stat is employed to control generator field excita- 
tion, it can be either the series type or the po- 
tentiometer type. The series type rheostat, which 
has a low initial cost, is connected as shown in 
Fig. 30a. However, the series type rheostat can 
only be used if the voltage range and thus the 
Speed range is intended to be relatively narrow, 
such as 5 or 6 to 1. With this series type con- 
nection there is always some current flow through 
the generator field unless the rheostat is infinite in 
value. 

If a wider speed range is needed, then the poten- 
tiometer type rheostat is used and connected as 
shown in Fig. 30b. The wider range is possible 
because with the rheostat finger at the extreme 
counterclockwise position, the voltage across the 
generator field and thus the current through it 
are zero. Obviously, the voltage applied to the 
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generator field is reduced to zero which permits 
speed ranges as wide as are practical when aided 
by residual-voltage control. 





MULTIPLE-MOTOR DRIVES 











With the motor-generator system two or more 
de drive motors may be operated in tandem and 
powered by the same generator, Fig. 31. The mo- 
tor speeds may be varied simultaneously from one 
central speed adjuster in the generator field cir- 
cuit. Such motors may apply power to several 
points in a machine, such as a long conveyor, or 
the striking example shown in Fig. 8. In such 
systems compound types of motors are often em- 
ployed. On some multiple-motor drives, such as 
used on the shear drive in Fig. 32, individual speed 
adjustment can be provided for each motor by in- 
dividual motor field adjustment. Sometimes varia- 
tions in speed requirements of continuous-process 
machines are so great that individually powered dc 
motors must be employed, Fig. 33. Here strip out- 
put speed is nearly seven times as great as input 
speed. 





FIELD EXCITERS 











In conventional adjustable-voltage drive systems, 
some means must be provided for supplying the 
separate dc power in the conventional Ward 
Leonard or adjustable voltage system required 
for field excitation. The problem is how, conven- 
niently and efficiently, to provide separate de power 
since the system is usually operating from an ac 
source. 

One method is to couple mechanically another 
smaller de generator to the ac motor that drives 
the main de generator. This technique is commonly 
employed and these smaller de generators are re- 
ferred to as rotating exciters. 

Another method is to feed ac current to rectifier 
systems and use the resulting de current for field 
excitation. The most common types of rectifiers 
used for motor and generator field excitation 
applications are the electronic and metallic dry- 
plate rectifiers. 

Any of these three types of exciters can be de- 
signed to supply an essentially constant voltage. 
Under these conditions field excitation can be sup- 
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plied by a single source and controlled by rheostats 
of the series type or potentiometer type in the 
generator field circuit or generator and motor field 
en (.) (25) circuit. These three methods as applied to a con- 

ventional adjustable-voltage system are symbolize 


in Fig. 34. 









































Rotating Exciters: In Figs. 24, 28, 31 and 32 the 



















| field voltage exciters shown are the de generatcr 

type. These rotating exciters are either directiy 

Common driven by a motor-generator shaft extension, Fig. 

—— 24, or mounted above the motor generator set and 
belted to the ac drive motor. 

Advantages of the rotating exciter are electrical 




















——- — 2 _— = simplicity, constant speed independent of changes 
r " ¥ 1 in ac line voltage, and low initial cost. Adjustable- 
; ' voltage drives with rotating exciters are often spe- 
! i ' ' ' cified to provide an added safeguard against short- 
; time power failures of a few seconds or even a few 
L----—- 4 L—---——~-- J L..S cone 4 cycles. The rotating armatures in the ac and 
OC generator Electronic rectifier Metallic rectifier de motors plus the main dec generator and the 

Sketch, courtesy Century Electric Co. and Square D Co. rotating exciter can nearly maintain rated power 






output for several seconds. This safety feature can 
be quite important in continuous process applica- 
tions. In contrast, electronic or dry-plate rectifiers 
stop supplying exciter voltage immediately when 
power is removed; thus, generator and motor field 
excitation would start to decay immediately. More- 
ooo oe over, with the electronic exciter, output current 
usually is not instantly available when power is 
restored because of the time delay generally built 
in for tube protection. 

On the other hand the de generator exciter with 
rheostat speed control is a somewhat less efficient 
excitation system than amplifier type exciters, and 
is not readily adaptable to incorporation as a 
pilot device for fast automatic control systems. 
Naturally these factors only become important 
where close speed regulation or automatic control 
are required. 





Fig. 34—Conventional adjustable-voltage 
drive system and three different kinds of 
field excitation sources 



































Electronic Exciters: Sinall to medium-horsepower 
drives may employ simple electronic tube diode rec- 
tifiers instead of rotating exciters. The rectifier 










PhoOto, courtesy Baldor Electric Co. 
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Fig. 35—Electronic rectifier 
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form of exciter has control characteristics compar- 
able to the rotating exciter. A typical commercially 
available drive with diode excitation and its circuit 
are shown in Fig. 35. 

Advantages of the electronic type of exciter sys- 
tem include the elimination of one rotating ma- 
chine, which in turn reduces weight, noise, vibra- 
tion and sometimes maintenance. 

Electronic exciters vary in output in direct pro- 
portion to variations in line voltage into the elec- 
tronic circuit. Electronic tubes of any size require 
a short warm-up period before starting and restart- 
ing, but these factors are often unimportant. 

The addition of only a few components and re- 
placement of the diodes with grid-controlled tubes 
permits higher system efficiency and flexibility of 
control. 


Metallic Dry-Plate Exciters: The third basic 
excitation source is the metallic dry-plate rectifier 
which may be copper oxide, copper sulfide, or sele- 
nium oxide—usually the latter. As a simple recti- 
fier, a selenium stack rectifier serves in the same 
manner as the rotating exciter or the diode elec- 
tronic tubes just discussed, with performance al- 
most identical to the electronic rectifier. Again ef- 
ficiency, regulation and automatic control limita- 
tions are comparable. However, where these fac- 
tors are not important, this type of exciter makes 
a highly reliable drive, Fig. 36. 

Selenium rectifiers have the advantage of re- 
quiring no time delay in starting and restarting. 
Also they do not require a center-tapped trans- 








Fig. 36—Adjustable-speed drive selenium 
rectifier exciter and motor-generator power 
unit and its nonreversing-drive circuit 
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A basic full- 


former for full-wave rectification. 
wave metallic dry-plate rectifier is depicted in 
Fig. 37. Selenium rectifiers have an additional 
asset of a large short-period overload capacity; 
thus, little or no margin in current rating need 
be provided to handle starting requirements. 

One drawback of selenium rectifiers is a slightly 
lower permissible operating temperature than that 
for electronic tubes. Temperature and life ratings 
of selenium rectifiers are given in many forms. For 
example, selenium rectifiers may have a 75 C maxi- 
mum temperature rating per plate with a 35 C am- 
bient temperature rating in a stack for operation 
carrying normal current. Load current must be 
modified if the stacks are placed in compact con- 
trol boxes with poor ventilation. Otherwise stack 
ambient temperature may easily rise 15 or 20 C. 
Under these conditions, rated current may have 
to be reduced 40 or 50 per cent to prevent over- 
heating of the plates. This reduction in permissible 
load current reduces output efficiency. 

Progress is advancing rapidly in selenium recti- 
fier design. Maximum temperature ratings of well 
over 100 C per plate are available today with stack 
temperature ratings for continuous operation in 
ambients above 45 C. Life expectancy of 15,000 
hours and more for continuous operation at rated 
voltage and current at an ambient of 55 C, and 
40,000 hours or more in a 35 C ambient are repre- 
sentative. 

Thus, careful selection consideration must be 
given to each type of exciter, whether the designer 
is building the drive controls himself or buying a 
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package unit. Total drive costs are usually in the 
same order of magnitude for all three types of 
exciters. 





AMPLIFIER TYPE EXCITERS 











In the previous discussion, exciters were assumed 
to have an essentially constant voltage output and 
one exciter supplied excitation for both the main dc 
generator and the de drive motor fields. With con- 
stant-potential exciters, speed control is obtained 
by individual manual or motor-operated rheostats 
in the field circuits. 

In general, amplifiers operate on the principle 
that a small change in input power causes a large 
change in power output; amplification ratios of 
1000 to 1 and higher are common. Amplifier type 
exciters provide the following advantages: 

1. Increased electrical-to-mechanical power con- 

version efficiency when field excitation must 





Fig. 37 — Basic full- 
wave bridge-rectifier 


. 


circuit, em the 

dry-plate aetaliac pe, 

for adjustable field 
excitation 











be reduced. 

2. Reduced size and power ratings on rheostats 
or other control devices. 

3. Better automatic and semiautomatic control 
of motor and generator operating character- 
istics. 


Actually the first two points might not warrant 
employing an amplifier type exciter because initia! 
cost and maintenance cost might be higher than for 
the constant-potential exciter. However, the third 
factor justifies and often compels the application 
of amplifier exciters. 

Here, too, there are three basic types of exciters 
commonly used: 


1. Rotary amplifiers 
2. Electronic amplifiers 
3. Magnetic amplifiers 


These amplifier-type exciters have been developed 
for independent excitation of both the motor and 
generator fields for the conventional adjustable- 
voltage drive system. The motor field strength in 
this system may or may not be adjustable and/or 
regulated, but the main generator field strength is 
always controlled and is usually regulated by any 
of a number of methods. 

The three methods as applied to the conventional 
adjustable voltage motor-generator system are 
symbolized in Fig. 38. 


Rotating Amplifier Exciters: A dc generator ex- 
citer can be made to operate on the amplifier prin- 
ciple by simply placing a control rheostat in series 
with its self-excited field as depicted by the rotat- 
ing exciter in Fig. 39a. A small resistance-value 
change in the exciter generator field circuit ulti- 
mately causes a large change in main generator 
voltage output, thus meeting the requirements of 
an amplifier. This method of speed control is 


Fig. 33—-Left—Three amplifier type exciters for 
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Data, courtesy Allis-Chalmers Mfg. Co. 
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ometimes used. Control rheostats, etc., are small 
ind system efficiency is improved. Unfortunately, 
he ordinary generator has a saturation curve sim- 
lar to Fig. 39b, giving a nonlinear output. This ef- 
fect is then added to the nonlinearity of the main 
generator field. Also, if automatic control is need- 
ed, speed of response, ease of control, and accuracy 
are usually limited. 

However, more effective amplifier type de gener- 
ators have been developed which contain a number 
of so-called control fields and other special design 
features. These units are referred to by a number 
of names including: rotating amplifiers, rotating 
controllers, rotating regulators, dynamic amplifiers, 
regulating exciters, regulating generators, and ro- 
tary amplifiers. Hence, from these terms come 
such tradenames for amplifier-type rotating excit- 
ers as Amplidyne (General Electric), Regulex, (Al- 
lis-Chalmers), Rototrol (Westinghouse Electric), 
and VSA (Reliance Electric). Since electronic am- 
plifiers and magnetic amplifiers are also used in 
controlling and regulating field excitation, the new 
American Standard Y32.2-1954 on graphical sym- 
bols for electrical diagrams refers to this type ro- 
tating exciter as a “regulating generator (rotary 
amplifier) .” 

Basic TYPES: Regulating generators as a group 
differ mainly from standard de generators in that 
they usually have several separate field control 
windings to regulate output. Although each of 
the tradenamed regulating generator exciters differ 
somewhat in basic design, all of these units provide 
large output voltage changes from small input 
changes. The “self-energized” rotary amplifiers 
(Regulex, Rototrol or VSA) use shunt or series 
field excitation or a combination of both. These 
units employ as many control windings as are re- 
quired—usually limited to four. 

In one design of an amplifier-type rotary exciter, 
which is predominately field excited, Fig. 40a, 
a “tuning” resistor is added in series with the ex- 
citer field to limit field excitation to the straight- 
line portion of the magnetization curve in Fig. 39b. 
In addition the flux path is made large enough by 
greatly increasing the regulating generator frame 


Data, courtesy Allis-Chalmers Mfg. Co. 
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thickness to prevent flux saturation within the rat- 


ed voltage range. This results in the straight-line 
relationship of output voltage versus excitation of 
the exciter field, Fig. 40b. These regulating gen- 
erators are often termed the self-excited type but 
they are also separately excited, for example, when 
used as booster generators in the field excitation 
circuit. 

The shorted-armature type of regulator, Fig. 41, 
is mainly armature reaction excited. A _ small 


amount of control excitation establishes a small 
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flux which causes a large current to flow through 
the short-circuited brushes. This current sets up 
a large armature reaction flux which results in a 
relatively large output voltage for exciting the 
main generator and motor fields. Although theo- 
retical power amplification of thousands is possible, 
practical limitations dictate lower values. 


Electronic Amplifier Exciters: By the addition of 
only a few standard components, grid-controlled 


electronic tubes may be utilized to supply excitation 
power for adjustable-voltage drives. A basic ele:- 
tronic exciter drive circuit with a grid-controlled 
rectifier tube is shown in Fig. 42. Power output cf 
electronic amplifiers is often controlled by adjusi- 
ing the phase relationship between plate voltage 
and grid voltage as shown for a half-wave rectifier 
in Fig. 43. This scheme permits control of the dec 
motor speed over a range of 8 to 1 or more by 
means of a small potentiometer. By the addition 
of grid control to the de motor field rectifier, the 
speed range may be extended to 30 to 1 and higher. 
In the latter system both fields may be controlled 
from a single potentiometer unit. The speed con- 
trolling rheostat has a very low power rating be- 
cause it is working in the low-power grid circuit 
to the electronic tube amplifier. 

Major advantages of the electronic amplifier in- 
clude fast response, extreme sensitivity, light 
weight and flexibility of control. Triode type cir- 
cuits are simple, and modern thyratron tubes usual- 
ly give several thousand hours of dependable oper- 
ation. From a flexibility standpoint, almost any 
drive requirement can be fulfilled. Close speed reg- 
ulation, load compensation, control of acceleration 
and deceleration, and response to pilot devices in 
automatic control systems are easily obtainable. 

From a maintenance standpoint the electronic 
amplifier is considered by many to be the easiest 
to maintain. If a tube burns out, it is often just 
a matter of looking for an unlit tube or feeling 
the tubes. However, when other circuit problems 


arise, it is just as difficult to service an electronic 
amplifier as a rotating amplifier or a magnetic am- 
plifier. 

The main drawback of electronic tubes is that 
although average tube life is long, the life ex- 
pectancy of a particular tube or group of tubes is 
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often impossible to predict. This problem has been 
partially solved in a number of ways: (1) by long 
tube seasoning to reduce “infant mortality” rates 
(early burnout), (2) by using especially rugged 
tubes, (3) by having spare, easily connected chas- 
sis and subassemblies, Fig. 44, or (4) by using 
standby double circuitry where circuits automati- 
cally switch from an inoperative circuit to a second 
reserve circuit. 

Electronically excited adjustable-voltage drives 
are marketed with the electronic exciter on the ac 
motor-de generator set, Fig. 35, the electronic ex- 
citer in a separate package from the ac motor-dc 
generator set, Fig. 6, or the electronic exciter and 
motor generator and associated controls in a com- 
plete package, Fig. 45. 







Magnetic-Amplifier Exciters: The amount of rec- 
tified ac load current through metallic dry-plate 
rectifiers can be controlled by adjusting the input 
voltage by adjusting circuit impedance. An ad- 
justable autotransformer could be employed to 
provide adjustable input voltage but this technique 
is not ordinarily used for field excitation control in 
the conventional adjustable-voltage drive system. 

Another method of adjusting output current 





Fig. 45 — Packaged 

electronically - excited 

motor-generator drive 
power unit 








Photo, courtesy Century 
Electric Co. and Square D Co. 
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Fig. 46 — Basic half- a 


wave magnetic ampli- 
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through selenium rectifiers is to incorporate a con- 
trollable impedance in the circuit. To control im- 
pedance an adjustable resistance, capacitance, or 
inductance or combination of these could be util- 
ized. Resistance control has been discussed previ- 
ously and capacitance control is rather impractical 
at 60-cycle frequencies. 

Adjustable inductive reactance control is com- 
monly employed where amplifier type excitation is 
desirable. The simplest inductive device consists 
of a coil of wire but it offers little in practical in- 
ductive reactance control possibilities. However, 
by wrapping a coil of wire on an iron-core, induc- 
tance and in turn inductive reactance is not only 
relatively high but is easily controllable. 

Coil inductance can be controlled by an adjust- 
able air gap in the iron core, but this method re- 
quires manual or motor operation. Another meth- 
od of adjusting inductive reactance which is rap- 
idly gaining in popularity today in dc motor speed 
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COMPARISON 


Drives Control Means Speed Range Output Power Size 
(max. ) (hp) (per cent) 














Cost 

















DC Motors 








Series Armature resistance Depends on load 1 to 200 int. 100 Low 

Shunt Armature resistance 2/1 % to 50 100 Low 
Field resistance 6/1 % to 50 200 for 2 to 1 fid. adj. Low 
Armature and field 12/1 Any size 400 for 4 to 1 fid. adj. Low 
resistance 

Compound Same general methods Depends on con- Any size Depends on control Low 
as shunt trol method and method and motor 

motor 







Permanent Magnet Armature resistance 2/1 Fractional ——- Low 








AC-DC Motors 











Universal Resistance Depends on load Fractional — Low 
and to 2% 

Centrifugal governor 12/1 Fractional —-- Low 

Brush shifting Depends on load Fractional — Low 











AC Input Adj.-Voltage Types 










Self-Excited Series DC Shunt resistance across 10/1 1 to 15 100 Medium 

Generator and Motor generator field 

Self-Excited Shunt DC Field resistance of both 12/1 to 15 Depends on motor Medium 

Generator and Motor generator and motor field control 

Separately Excited DC Field resistance of gen- 60/1 Any size 100 Medium 
Generator and Motor erator 
Separately Excited DC Field resistance of both 120/1 Any size Depends on motor Medium 

Generator and Motor generator and motor field control 












AC Input Rectifier Types 







Electronic Grid phase shifter 240/1 Any size to 125 Medium 
Magnetic- Amplifier Saturable reactor 100/1 1/40 to 5 to 125 Medium 
Adjustable-Transformer Adjustable autotrans. Limited only by 1/15 to 100 100 Low 





motor design 












Single-Phase AC Motors 













Shunt Adjustable autotrans 4/1 Fractional —_— Medium 
Repulsion Brushes (Shifted) 4/1 % to3 — Low 
Shaded-Pole Resistance 4/1 1/2000 to 1/6 —- Low 
Reactance 4/1 Same -— Medium 
Split-Phase Induction Windings, (Reconnected) 2/1 up 1/500 to 5 —_— Low ' 
Capacitor-Start Induction Windings (Reconnected) 2/1 up 1/5000 to 7% -—— Low 











Polyphase AC Motors 










Squirrel Cage Windings (Reconnected) 2/1, 3/1, 4/1 Any size to 125 Low 
Primary resistance Depends on load to 20 —— Low 
Frequency Depends on —_—_— High 
frequency range 
Wound Rotor Rotor resistance 2/1 Any size — Medium 
Primary impedance and Depends on load to200cont., # #—— Medium 
secondary resistance to 300 int. 
Frequency Depends on —— High 
frequency range i 
Synchronous Windings (Reconnected) 2/1 Any size — Medium 
Frequency Depends on —- High 
frequency range 





Schrage Brushes (Shifted) 20/1 to 500 to 150 Medium 








OF DRIVES WITH STEPLESS MOTOR SPEED CONTROL 


Magnetic-Amplifier Drives 


TRADENAMES 


Adjustable-Voltage Motor-Generator Drives 










ms Allis-Chalmers Drive (1 to 200 hp) ....Allis-Chalmers Mfg. Co. Franklin Drive (% to 5 hp) .......... Franklin Control] Corp. j 
AV Drive (1 to 200 hp) ........ w estinghouse Electric Corp. MA Drive (% to 3 hp) ............ Magnetic Amplifiers Inc. 
Baldor Drive (% to 3 hp) ................ Baldor Electric Co. 6520 (1/40 to % hp) .................. Clark Controller Co. 
Select-A-Spede (1 to 200 hp) ..................Louis Allis Co. Adjustable-Transformer Drives | 
Selective Speed (1 to 150 hp) ............ Century Electric Co. | 





Speedranger—Type GV (2 to 15 hp) ...... Master Electric Co. Electro Variable Speed (Fractional and 1 hp) 
Speed Variator (1 to 200 hp) ............ General Electric Co. Electro Products Laboratories Inc. 


720 : Variable Auto-Transformer (Fractional hp) 
ves 4 . 
S Drive (% to 300 hp) .. Reliance Electric & Engineering Co Standard Electrical Products Co. 


| 
e <— Variable Voltage Selenifier (1/15 to 100 hp) 
Electronic Drives American Rectifier Corp. 



























+ Arrow-Hart (Fractional hp).Arrow-Hart & Hegeman Electric Co. Variac (1/15 to 1% hp) .................. General Rado Co. 
Dial-A-Speed (1/15 to 3 hp) .... Brown-Brockmeyer Co. Inc. Single-Phase Brush-Shifting AC Motor Drives | 
Erdco (1/20 ‘to 2 hp) .............. Erdco Engineering Corp. . | 
Mot-O-Trol (% to 30 hp) ........ Westinghouse Electric Corp. LK pa . hp) od Fler 
Select-A-Spede (% to 15 hp) .... -... Louis Allis Co. ay ae — Div., Miehle Printing pnd 4 Mfg. Co. 

Servospeed (1/300 to 3 hp). Servospeed Div., " Electro- Devices Inc. oe EF Ree FOSS OS Sebo e hee ses cehey elan ectric Co. 
Servo-Tek (Fractional hp) ...... Servo- Tek Products — ms Polyphase Brush-Shifting AC Motor Drives 
Servotron (% to 1 hp) ................-. Raytheon g. Co. _ o 
Speedranger—Type EV (% to 1% hp) .... Master Electric Co. <— gh ge 4 A ttt teeeeeeees ‘Belgian — mS. 
Thy-Mo-Trol (1/70 to 30 hp) ............ General Electric Co. Brown-Boveri (1 to 500 hp)... cummimeness Geek. 
Vara-Speed (1 to 15 hp) ..... w.ee+--. Wetronic Co. Peet eset sl 
V*S dr. (% to 3 hp) .... Reliance Electric & Engineering Co. Synchronized Multiple-Motor Drive Systems 
V*S Xatron (30 to 50 hp) ..Reliance Electric & Engineering Co. Sels 
M } . ba eer .. General Electric Co. 
C©-25 and G-T-21 (Fractional hp) ...... Gerald K. Heller Co. Synero-Lock ............ "Reliance Electric and Engineering Co. 
301-A and 301-B (1/100 to 1/20 hp)....Industrial Control Co. Synero-Speed ........... nb aie .. Century Electric Co. | 
6510 (1/3 to 30 hp) ....... ..seseees Clark Controller Co. EY "60s ae 00 6054 Ges oe aa " Westinghouse Electrie Corp. i} 
| 
| 
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Sketch, courtesy Westinghouse Electric Corp. 


Fig. 48—Waveform of magnetic-ampli- 
fier ac supply voltage and output load 


current for three operating conditions 


F input 1 






(c) 


Fig. 47—Saturable, inductive reactor load current versus dc control-winding cur- 
rent: (a) ideal, (b) ordinary saturable reactor, (c) magnetic amplifier, (d) mag- 
netic amplifier with bias, and (e) double magnetic amplifier 
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control is to control flux saturation of the iron core. 
The basic device known as a magnetic amplifier is 
similar to a transformer and consists of a load or 
power winding and a control winding. For some 
applications of the magnetic amplifier, ac power 
may be applied to the control winding. However, 
for de power control work, the control winding is 
energized with some form of direct current and a 
metallic dry-plate rectifier is incorporated in the 
load winding, Fig. 46. 

The ideal field exciter would produce, among 
other things, linear negative and positive output 
voltage from negative and positive polarity control 
voltage, respectively, Fig. 47a. An ordinary iron- 
cored inductance and a rectifier in the load circuit 
produces a rather undesirable de motor control 
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Fig. 49—Diagram of 

a basic practical mag- 

netic amplifier with 

voltage feedback con- 
trol winding 


Output 
rectifiers 





Sketch, courtesy Westing- 


house Electric Corp. 
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characteristic similar to that shown in Fig. 47b for 
positive and negative input control. Through im- 
provements in the design and application of iron- 
core materials and rectifiers, the practical magnetic- 
amplifier control curve in Fig. 47c can be obtained 
today. By adding a so-called bias winding the 
characteristic control curve is shifted to the right, 
Fig. 47d, so that output is low for low values of 
control current and increases with increasing 
values. 

Since rectifiers are used to obtain de output cur- 
rent to excite a field, where reversing control is re- 
quired, it is necessary to use two independent mag- 
netic amplifier circuits in a push pull arrangement, 
Fig. 47e, one for forward and the other for reverse 
operation. This necessitates two machine fields 
connected to oppose each other. 

OUTPUT CURRENT: The waveform of the output 
current of the magnetic amplifier used for dec power 
control is almost identical to that of the electronic 
amplifier except for a small finite value of load cur- 
rent due to the inability of the single stage mag- 
netic amplifier to cut-off completely, Fig. 48. When 
the iron core saturates because of enough ampere 
turns developed by either the load winding or con- 
trol winding, the increase in current flow is rapid. 
By limiting the power circuit load resistance and 
coil turns, load current is controllable through the 
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control-winding ampere turns alone. Then, only a 
small change in de control current produces a large 
change in average output load current. 

PRACTICAL BASIC CIRCUIT: The elementary cir- 
cuit in Fig. 46 is not practical for general use be- 
cause the ac supply frequently induces high voltage 
in the control winding which causes objectionable 
circulating currents to flow through the control 
winding. Also, average load current is low since 
the circuit in Fig. 46 employs half-wave rectifi- 
cation. 

A more practical form of magnetic amplifier is 
shown in Fig. 49 which is an elementary type of 
voltage regulator employing generator terminal 
voltage feedback control. The use of two cores min- 
imizes the effect of induced voltages since the two 
control windings are connected in opposition and 
any induced voltages tend to cancel each other. 
The generator field is connected in a rectifier bridge 
circuit so that full-wave rectification occurs and 
average value of current is considerably higher 
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Fig. 51—Typical drive feedback methods: (a) armature current, (b) tachome- 
ter generator, (c) dancer-roll rheostat, and (d) dancer-roll solenoid reactor 
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Fig. 50—Characteristics of motor and gen- 
erator in an adjustable-voltage drive system 
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than with the half-wave circuit. Self-saturating 
rectifiers in series with each output winding cause 
load current to aid in saturating the core and in- 
crease amplification by reducing control winding 
ampere turns. 

The various amplifier-type exciters are compared 
in Table 13. 





AUTOMATIC SPEED CONTROL 











Motor speed can be adjusted manually, semiau- 
tomatically, or automatically to different speed 
settings. Also, speed can be held constant at any 
setting by manual, semiautomatic or automatic 
regulation methods. Thus, an automatic speed- 
control system may be required to (1) adjust 
speed automatically to different speeds as re- 
quired throughout a process or operation and (2) 
regulate closely or hold any desired speed as con- 
stant as possible. 

The amplifier regulators previously discussed 
require less power in their control devices and 
thus they permit a slightly higher overall drive 
efficiency. However, their major use is to provide 
fast, automatic control of motor speed. An auto- 
matic motor speed control system requires an out- 
put or regulated-quantity feedback signal and a 
desired reference signal. The difference between 
these two signals measured in terms of current, 
voltage, power, or frequency causes system changes 
that tend to make the signals identical. The ref- 
erence signal may be held constant or be varied 
through a preset and controlled pattern. 

A fast-acting amplifier type regulator is usually 
employed to amplify the difference between the 
feedback and the reference voltage signals and, 


in turn, to change this difference signal into a large 
output correction control signal. 

Of course, regulation as such would not be re- 
quired if speed did not change once it was set. 
But, unfortunately, changes do arise from a num- 
ber of sources. 


Speed-Change Sources: Motor speed can change 
because of load changes and motor heating if ail 
characteristics of motor input power are held con- 
stant. These factors cause speed changes because 
of variations they produce in motor circuit /R 
(voltage) drops. Thus the major reason auto- 
matic regulation of speed is required is to com- 
pensate for /R changes in the motor circuit. In- 
herent speed variation curves from no load to full 
load for a typical separately excited shunt motor 
are shown in Fig. 50a. It can be seen that in order 
to maintain motor speed, motor terminal voltage 
would have to increase slightly to compensate for 
increased ], R, drop. _ 

In a conventional unregulated adjustable-voltage 
drive system the de drive-motor speed drop from 
no load to full load at any speed may be as much 
as twice the inherent speed regulation of the dec 
drive motor itself. This is due to a number of fac- 
tors. The formula for de motor speed in a conven- 
tional adjustable-voltage drive system is given in 
Table 14, Equation a. Motor terminal voltage is re- 
duced by current /, flowing through R,,,,,, and 
Riine- The I, (Regen R, + Ri») drop naturally 
varies with load and of course is highest when 
full load armature current is drawn. 

Obviously, the proper control of EZ, in Table 14, 
Equation d, could compensate for the /R voltage 
drop changes around the armature power cir- 
cuit loop caused by load variations. Since E, 
is primarily dependent on effective generator 
field flux ¢,, for a constant rotational speed S,, 
the JR drop compensation could be made by in- 
creasing generator field voltage as de drive mo- 
tor load increases. The amount of generator 
field voltage increase required to maintain any de- 
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sired speed from no-load to full load in a typical ADJUSTABLE-SPEED 
adjustable-voltage drive is shown in Fig. 50b. Cir- 
cuits that make up for the JR drop are termed JR 
drop-compensation circuits. They usually obtain 
an IR drop signal across a resistor or coil placed 
in series in the armature power circuit. Obviously, 
the greater the armature current flow, the higher 
the signal voltage which can be fed back to con- 
trol circuits of rotating, electronic, or magnetic 
exciters for generator field excitation changes. 
If the /R drops around the armature power cir- 
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cuit were the only factors that caused changes in 
de drive motor speed, these circuits and compon- 
ents might be relatively easy to determine. Actual- 
ly other variables enter the picture. For example, 
the constants K, and K»,, vary somewhat with the 
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demagnetizing effect of armature reaction in both 
the de motor and the generator from no load to 
full load conditions. Also, if it is not a synchronous 
type motor, the speed of the ac motor driving the 
de generator will drop in speed with increased load 
demand on the de generator. These effects on gen- 
erator voltage are depicted in Fig. 50c. Speed regu- 
lation curves of a typical unregulated adjustable- 
voltage drive are shown in Fig. 50d along with 
ideal regulation lines. 

The adjustable-voltage speed equation also ne- 
glects brush losses found in both the de motor and 
the generator. Although these losses can be consid- 
ered constants for all practical purposes, they ac- 
tually are not because brush losses in both the dc 
motor and the generator vary slightly with load, 
too, although the total effect is minor. 

Circuitry for producing /R compensation is fur- 
ther complicated in that the compensation required 
is essentially a straight-line function of armature 
current, but must be accomplished through the con- 
trol of generator field excitation which has a non- 
linear relationship with generator voltage as shown 
by the curves in Fig. 50c. Also compensation needs 
to cover a wide speed range to be really effective, 
for armature voltage control may cover speed 
ranges of 8 to 1 or greater. 


Feedback Signals: If control must be accurately 
made of speed or tension for any speed setting, 





feedback circuits are often employed. Feedback 
signals can be taken from armature current (Fig. 
51a) main motor or generator terminal voltage, 
countervoltage, tachometer generator, ac or dc 
voltage, or frequency (Fig. 51b), dancer-roll con- 
trol of rheostats (Fig 51c), dancer-roll control of 
solenoid reactors (Fig. 51d), dancer-roll control 
of servo motors, etc. These methods and others will 
be discussed in greater detail with several basic 
drive types. 

Typical sources of feedback signals employed in 
adjustable-speed drives of any type are listed in 
Table 15 along with expected regulation accuracies 
and typical applications. 


Regulator Applications: Any regulating system 
first compares the regulated quantity—voltage, 
current, speed, tension, etc., against a fixed refer- 
ence. It then amplifies the difference or error be- 
tween the two and corrects the regulated quantity 
so as to reduce the error between the two. Rotating 
and magnetic amplifier regulators employ inde- 
pendent control windings to modify excitation out- 
put characteristics. Similarly electronic amplifier 
regulators use grid phase-shift control to regulate 
output. 

In rotary or magnetic amplifier control usually 
three or four field windings are provided. In actual 
applications one field may be electrically con- 
nected to a tachometer generator on the main 
de drive motor and another field may be connected 
to a supply of constant reference voltage Fig. 52. 
The first field is the feedback speed-control field 
and the second is the reference voltage control 
field. Usually the speed field and reference field 
are adjusted by variable resistors so as to cancel 
each other at the normal or desired speed of op- 
eration, and the regulating exciter voltage output 
comes solely from flux set up in the self-energized 
field. Should drive motor speed change due to 
load changes and other causes, the tachometer 
generator output will change the speed field cur- 
rent. This condition will create an unbalance be- 
tween the speed control field and the reference 
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voltage field, resulting in flux that will immediately 
either increase or decrease exciter voltage output, 
and either raise or lower dc drive motor speed 
to restore it to its desired value. Thus, this 
is an automatic speed regulating system. To ad- 
just or vary motor speed deliberately at any time, 
all that is necessary is to change the reference 
voltage by rheostat control. 

In the voltage regulator, Fig. 49, the dc refer- 
ence voltage winding serves as the standard of com- 
parison. The feedback control winding measures 
generator voltage and is connected so as to oppose 
the reference voltage. A small difference in the 
strength of these windings will saturate the mag- 
netic cores causing corrective current to flow 
through the generator field, thereby causing its 
voltage to match the reference voltage within 
close limits. To match the regulated quantity as 
closely as possible to the reference and to remove 
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quickly any load disturbance, a fast acting regu- 
lator with high amplification is needed. 

A motor-generator drive with voltage feedback 
control to an electronic amplifier exciter is shown 
in Fig. 53. 

Many other methods of regulation are possible 
besides voltage regulation. In Fig. 54 are shown 
three more basic forms of current and voltage 
feedback circuits. Current feedback is more closely 
associated with motor torque. 

A basic magnetic amplifier drive circuit is shown 
in Fig. 55 with an antihunt winding and an IR 


Fig. 55—-Magnetic oo an exciter 
control of generator field excitation 


Sketch, courtesy Louis Allis Co. 
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Photo, courtesy Allis-Chalmers Mfg. Co 
Fig. 57—Above—Packaged drive power unit 
for 15-hp reversing drive with a combina 
tion magnetic amplifier and rotary ampli- 
fier excitation control 


Fig. 58—Below—Adjustable-speed 500-hp 

drive for automobile body press obtains fast- 

acting forcing torque by a combination elec- 
tronic and rotary field exciter 


Electric and Eng necring Co 


drop compensation winding. 

Magnetic amplifiers and electronic amplifiers 
may be used in combination with rotary amplifiers 
to give greater sensitivity and flexibility of con- 
trol, Fig. 56. A magnetic amplifier-rotary ampli- 
fier combination packaged drive power unit is 
shown in Fig. 57. A combination of an electronic 
amplifier and rotary amplifier excitation control is 
used in the huge press in Fig. 58. 
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( RECTIFIER DRIVES 
\ 
\ 
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In the selection of adjustable-speed drives, the 
pros and cons of the different systems require 
careful comparison. The strong points of the ad- 
justable-voltage motor-generator drives already 
discussed include unlimited horsepower sizes, re- 
versing service, regenerative braking, and ma- 
chine protection during momentary power failures. 

Rectifier drives, on the other hand, provide the 
following relative advantages: (1) less weight and 
smaller size per unit of output, (2) less noise and 
vibration, (3) higher overall efficiency, (4) some- 
what lower initial and maintenance cost in low- 
power ranges, (5) wider speed ranges. 

Such drives have two principal forms: electronic 
rectifiers and metallic rectifiers. In electronic 
drives, output is controlled by adjustment of grid 
voltage relationships of a number of possible tube 
types. 

The power input or output of metallic rectifier 
drives are controlled by adjustable resistors, ad- 
justable transformers, or controllable saturable re- 
actors (magnetic amplifiers). Rectifier types in- 
clude copper sulphide, copper oxide, selenium oxide, 
germanium, and silicon. 





ELECTRONIC DRIVES 











The general operation and function of all-elec- 
tronic drives is almost identical with electronic 
field exciters employed in motor-generator drives. 
Electronic drives usually employ vacuum tubes a! d 
thyratron tubes for field circuit control, and they 
use vacuum, thyratron, excitron, and ignitron ty) 
tubes for armature circuit input power contrv 
Electronic rectifiers supply constant or adjustab'e 
de motor field excitation as in motor-general” 
drives. However, instead of supplying field excit- 
tion to an ac motor-driven de generator, which '0 
turn provides dc motor armature power, the el«°- 
tronic drive rectifies single phase or polyphase ac 
and supplies armature power directly. The power 
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input to tue armature circuit is controlled by the 
amount and nature of the bias voltage on the 
grids of the electronic rectifier tubes. 


Shunt vs. Series Motors: In electronic drives 
employing shunt motors the regulation is often 
achieved by the use of the generated armature 
voltage (countervoltage) as a speed signal. In ad- 
dition, some form of JR compensation is often used 
to advance the thyratron firing angle to compen- 
sate for load changes as indicated by an increase 
in armature current caused by increased load. 
Many circuits use these speed regulation principles 
to achieve excellent stability of motor speed with 
load changes from no load to full load, without the 
expense of tachometer feedback. Some manufac- 
turers of this type of drive claim speed regulation 
of 2 per cent or even less. However, speed regula- 
tion ratings do not include speed change as a func- 
tion of either motor terminal voltage or motor 
temperature. The armature countervolitage meth- 
od is only an accurate indication of speed when 
the magnetic flux from the field is constant. In 
the case of the dc shunt-field motor, field current 
decreases with increased resistance caused by motor 
temperature rise. Therefore, most such drives grad- 
ually increase speed during the first several hours 
operation unless pilot generators, tachometer fre- 
quency, or dancer-roll rheostats are employed as 
feedback. 

Since the shunt field is usually supplied with 
a de voltage obtained from a separate line voltage 
rectifier, speed also varies with changes in sup- 
ply voltage. Of course, the shunt motor has much 
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better inherent regulation characteristics. 

All electronic drives using grid-controlled recti- 
fiers have a common problem with motor tempera- 
ture rise at low speed. These drives achieve low 
speed by applying power to the motor intermit- 
tently. Since wattage varies as the square of the 
current, a dec motor powered by an electronic drive 
will have a somewhat higher operating tempera- 
ture than if supplied by the same power with a 
continuous constant-value current. Most motors in- 
corporate an internal cooling fan, but fan output 
decreases to a negligible value at low speeds. 

Thus, it is usual practice with electronic drives 
to use the next larger frame size. This applies 
to motors of either the shunt or series type. How- 
ever, some manufacturers claim the series motor 
does not heat up as much as shunt motors, par- 
ticularly in half-wave circuits. One reason given 
is that the series-motor field is only energized for 
a half-cycle and at a current proportionate to load. 


Thyratron Types: Fig. 59a shows a basic elec- 
tronic drive employing a half-wave armature cir- 
cuit with a grid-controlled thyratron tube. An es- 
sentially constant potential is supplied to the field 
circuit by a dual-diode rectifier tube. The polarity 
motor field countervoltage causes the right half 


Photo, courtesy Charles Bruning Co. Inc. 
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(a) 
— 
Sketch, courtesy Master Electric Co. 
Fig. 59 — Basic half-wave 
electronic drive, a, and full- 
wave electronic drive, 5 aaa 











(b) 


Fig. 60—Right—Photocopy machine employing a 
Gerald K. Heller Co. electronic dc series motor drive 
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Photo, courtesy Arrow-Hart and Hegeman Electric Co 


Fig. 61 — Centerless grinder employing 


a de series motor electronically powered 


of the diode rectifier to conduct during the negative 
portion of the input voltage cycle. Thus, the cur- 
rent waveform through the motor field is rather 
smooth. By employing this circuit, a center-tapped 
transformer is eliminated but, of course, field 
circuit voltage is not adjustable. 

A basic electronic drive using a full-wave arm- 
ature-circuit rectifier with grid controlled elec- 
tronic tubes is shown in Fig. 59b. Here a center- 
tapped transformer is required. The field circuit is 
excited in the same manner as outlined for the 
half wave circuit in Fig. 59a. 

One of the smallest electronic drives commercially 
available is shown in Fig. 1. Employing a per- 
manent-magnet motor, the circuit does not require 
a field excitation supply. Armature current is con- 
trolled with a single miniature electronic tube. 
Some of the simplest small electronic drives em- 
ploy series motors. These adjustable-speed drives 
are quite suitable for low-power constant-torque 
applications, Fig. 60. A somewhat larger applica- 
tion of an adjustable-speed series motor type elec- 
tronic drive is shown in Fig. 61. Small electronic 
drives may employ series type motors Fig. 62, and 
have 100 to 1 speeds with typical ranges of 50 to 
5000 or 100. to 10,000 being commercially available. 
The control unit in Fig. 62 has a calibrated speed 
indicator built into the control box. 
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Photo, courtesy Industrial Control Corp 


Fig. 62—Electronic drive with built-in speed indi- 
cator for an Electric Indicator Co. series motor 


By employing circuits with a separately excited 
“series” motor field, an extremely closely regulated 
reference voltage, and a tachometer generator feed- 
back, speed regulation is extremely low and there 
is practically no speed drift. Such an electronic 
drive employing a separately excited “‘series’’ mo- 
tor, Fig. 63, has a speed regulation of 0.125 per 
cent. 

Electronic drives are particularly suitable for 
continuous-process applications requiring constant 
tension or torque and constant speed for any de- 
sired speed setting. 

A basic pictorial representation of equipment lo- 
cation of an electronic drive with tachometer feed- 
back for speed control is shown in Fig. 64a. 

For constant-tension or torque applications, dan- 
cer-roll rheostats and feedback-position servos are 
widely applied, Fig. 64b. Another typical applica- 
tion where an electronic drive is used to maintain 
constant tension is shown in Fig. 65. Here tension 
controls plastic pipe diameter in an extrusion ma- 
chine. 

As speed range increases, control requirements 
and horsepower capacity increase; electronic drives 
of necessity become more elaborate, larger and 
heavier. As speed range increases, both armature 
and field control are required. Electronic drives 
have been developed that can provide speed rang¢s 
as wide as 240 to 1. A basic pictorial diagram 
circuit of a shunt-motor electronic drive with both 
a grid-controlled field supply and armature supp! 
is shown in Fig. 66. The armature is depicted wit! 
heavier lines to indicate the heavy current circuit. 
The control station is shown with two speed con- 
trol pointers. One is for armature circuit speed 
control and the other is for field circuit. The time 
delay relay (marked TD) prevents power from 
being drawn from the tubes until the filaments of 
vacuum or thyratron type tubes are hot enough to 
emit electrons easily, thus aiding long tube life. 
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The anode transformer for the tube plate voltage 
in electronic drives may be incorporated inside the 
ac power conversion and control unit or it may 
be brought out as a separate unit, Fig. 67. The an- 
ode transformer is sometimes external for cooling 
and to minimize heat in the power unit. The oper- 
ator control station, ac power unit, and anode 
transformer can be built into machines at appro- 
priate locations or installed on walls or other sup- 
ports. 
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“| Photo, courtesy Servo-Tek Products Inc. 
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Sketches, courtesy Servospeed Div., Electro Devices Ine. 










, Photo, courtesy Servospeed Div., Electro Devices Inc. 
Fig. 65—-Left—Electronic 3/,-hp shunt-motor drive 
for plastic-pipe extruder made by Progressive Ma- 
chine Co. Inc. 














Fig. 66—Below—Basic separately excited electron- 
ic dec motor drive with grid-controlled armature 
and field current 
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Photo, courtesy Louis Allis Co. 


Fig. 67—Above—Electronic drive with armature re- 
versing, dynamic braking, stability control, and a 
single knob speed adjustment 


Fig. 68 — Below — Electronic excitron tube drive 
power unit, left, and application showing drive power 
unit mounted high above the floor, right 


Photo, courtesy Reliance Electric & Engineering Co. 


Overall thyratron electronic drive efficiency in 
the low-horsepower range (1 to 25) is often 19 
to 15 per cent greater than motor-generator drives. 
Electronic drives with mercury-pool rectifier tubes 
are also more efficient than motor-generator drives. 


Excitron Types: The newly developed excitron 
tube drives have made possible electronic drives in 
the 25 to 50-hp range that are comparable in initial 
cost to motor-generator drives. Built as a packaged 
drive, Fig. 68, the power conversion unit circuit 
employs six excitron mercury pool tubes operating 
on three-phase ac. A 50-hp excitron control unit 
weighs only 1250 pounds and is only about 1, the 
size of a typical 50-hp motor-generator drive con- 
trol unit which weighs approximately 6000 pounds. 
The great reduction in size and weight permits 
such large-horsepower drive-control units to be 
placed in out-of-the-way locations, Fig. 68. These 
drives will eventually be built in output power 
sizes above 50 hp. 


Ignitron Types: Drives employing ignitron tubes 
are often used to operate motors of 200 hp and up. 
In comparison to mo‘or-generator sets, these ac-to- 
de power-conversion units offer advantages of 
higher efficiency (Fig. 69), quiet operation, high 
momentary overload capacity, and lower mainte- 
nance. In addition they require no special founda- 
tion or ventilation. These units are most commonly 
used to supply 250-volt de power for rolling mill 
drives and auxiliaries. 





MAGNETIC-AMPLIFIER DRIVES 











Like all electronic drives, magnetic-amplifier 
drives can operate de motors directly from ac lines 
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with no ac motor-de generator set required. The 
outstanding advantages claimed for magnetic 
amplifier drives are simplicity of circuit compo- 
nents, freedom from maintenance, and high reli- 
ability. 

Circuit components are inherently rugged be- 
cause they are made almost entirely from various 
forms of metal and insulation material. In addition 
there are no moving parts, other than speed con- 
trols, contactors, start-stop buttons and the like. 
With no high-velocity rotating parts in the con- 
trol units, vibration is minimal. These factors 
result in an ac-to-de conversion and speed-control 
unit that is not only rugged in normal environ- 
ments but one that is highly resistant to shock and 
vibration. The metallic rectifiers are about the 
only components that can ordinarily fail, and then 
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only if upper temperature ratings—usually 100 F— 
are exceeded. Thermal overload devices are usually 
included to protect both the rectifiers and the mo- 
tor against damaging temperature rises. Develop- 
ments in rectifiers promise higher temperature 
ratings in the near future. 

Of course, as with all drives there are drawbacks. 
For example, the magnetic amplifier shares with 
the electronic amplifier the irreversible character- 
istics of the rectifier, whether metallic or vacuum 
tube. Reversible drives are possible but they are 
usually large, bulky and more complicated in large 
horsepower ratings. Thus, service requiring revers. 
ing operation is usually avoided with either of 
these drives. For such service the conventional 
adjustable-voltage motor-generator drives with 
rotating exciters are preferred. Also regenerative 
braking—helpful for fast reversals—is not ordin- 
arily possible with magnetic-amplifier or electronic 
drives. 

The magnetic-amplifier drive can only approach 
the electronic drive in speed of response, but in 
both response is exceedingly fast. On the other 
hand, input signals for regulation purposes in 
the magnetic amplifier can be completely isolated. 
Because of this, magnetic amplifiers can be con- 
nected in series. 

Commercially available horsepower ratings in 
magnetic-amplifier drives extend from 1/40 to 5 
horsepower. Drives with higher horsepower rat- 
ings are certainly possible but they become rather 
heavy and bulky. Also, compared with electronic 
drives, they are at a disadvantage on an initial 
cost basis much above ', to %4-hp. 





Fig. 70—George Gor- 
ton Machine Co. pan- 
tograph engraver with 
l4-hp magnetic-ampli- 
fier drive. Combined 
with stepped pulleys, 
drive provides 500 to 
12,000-rpm speed 
range 


Photo, courtesy 
Franklin Control Corp 











For the drive shown in Fig. 70, speed ranges of 
100 to 1 are available. Magnetic amplifier voltage 
to armature is controlled by a bias voltage, re- 
ference voltage, armature voltage, and armature 
current to regulate motor speed and torque. Speed 


Photo, courtesy Clark Controller Co. 
Fig. 71—Simplified magnetic-amplifier drive avail- 
able in 1/40 to 1/2-hp range 


settings are made with an adjustable transformer. 

A simpler magnetic-amplifier drive with rheostat 
speed adjustment is shown in Fig. 71. This drive 
has preset jog, dynamic braking and reversible 
rotation as optional features. 





ADJ. TRANSFORMER DRIVES 











Relatively low in cost and small in size, adjust- 
able-transformer drives are finding wide applica- 
tion. They employ electronic or dry-plate metallic 
rectifiers—usually the latter—to obtain ac recti- 
fication. Field voltage is usually held constant on 
separately excited dc motors. Motor speed is con- 
trolled by adjusting an autotransformer supplying 
ac power to a dry-plate metallic rectifier. The 
rectifier output voltage is applied across the motor 
armature. 

A typical circuit is shown in Fig. 72. The ad- 
justable transformer may be incorporated with the 
rectifier unit, Fig. 72, or placed elsewhere. 

Such drives are made in a wide range of horse- 
power sizes for series, shunt or compound motors. 
They find wide application in machines where 
speed regulation is relatively unimportant. 





SEMICONDUCTOR DRIVES 











Developments are rapidly bringing attention to 
germanium and silicon semiconductors for many 
new uses. Applications for semiconductors will 
undoubtedly spread to adjustable-speed drives. At 
least one company lists a transistor input magnetic 
amplifier today. Germanium rectifiers have a num- 
ber of advantages over selenium and copper oxide 


Fig. 72—Typical adjustable-transformer drive 
circuit and an application on a resistance-card 
winding machine 

Photo, courtesy General Radio Co. 
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units. These include: (1) longer life, (2) higher 
efficiency (3) higher cell ratings (4) lower losses 
and (5) smaller cell size. The chief drawback 
today is cost and availability of germanium. 
Silicon rectifiers operate at higher temperatures 
and reduced back current, but problems inherent 
in their production are the principal deterrents 
to their use. Silicon’s greater sensitivity to temper- 
ature changes and its forward resistance are suf- 
ficient to limit its adoption to certain applications. 


\ 


One of the most common motors used on single- 
phase alternating-current power for low-horse- 
power adjustable-speed applications is the univer- 
sal motor. Although designed for operation on 
either ac or de and at any frequency up to 60 
cycles, the motor usually is used on 60-cycle al- 
ternating-current power. These motors have been 
manufactured in sizes up to about 3 hp, but are 
usually restricted to fractional horsepower sizes 
from 143-hp down, with motors as small as 1/1500- 
horsepower being available. Universal motors are 
designed with laminated armatures and field poles 
in order to operate essentially the same on either 
de or ac. That is, speed and power output on a 
particular de voltage will be approximately the 
same on the same rms (root mean square) ac 
voltage. Actually, the motors run slower on di- 
rect current because of the factor of inductance. 

For most applications of universal motors, loads 
are more or less constant or variations in speed 
with load are unimportant. Typical adjustable- 
speed applications include portable drills, vacuum 
cleaners, sewing machines, small movie projectors, 
and food mixers. 

There are two major classifications of uni- 
versal motors: noncompensated and compensated. 


Fig. 73 — Nichrome- 
wire stepped-resistor 
speed control for 
small motors 


Photo, courtesy Electrical 
Mig. Co. 
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Rectifier development appears to lie in the field 
of compound semiconductors utilizing two or more 
elements. 
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\ SPEED ADJUSTMENT OF AC-DC MOTORS 






The compensated types have an additional field 
winding in series with the regular series windings. 
The compensating winding is so arranged as to 
(1) reduce reactance voltage when the motor is 
operating on alternating current, (2) reduce field 
distortion, and (3) improve commutation. All of 
these improvements tend to increase speed and 
power. Thus, the compensated motors have higher 
speed-torque curves for ac operation and give 
nearly identical performance for ac and dc service. 

As with de series motors connected to a con- 
stant voltage source, speed can be adjusted by em- 
ploying adjustable resistors. The universal motor 
can be reversed by simply reversing the relation- 
ship of the fields with the armature. Of course, 
the brushes must be physically centered between 
the poles to provide nearly equal operating char- 
acteristics in both directions. Thus, a reversible 
type motor must be specified if satisfactory re- 
versing service is desired. 

Adjustable resistors, Fig. 73, are often used with 
universal motors on electric sewing machines. 

A method of speed adjustment that is more 
efficient than variable resistors is to utilize an 
autotransformer. This eliminates heat radiation 
from resistors, sometimes a problem. Actually this 
















is an adjustable-voltage method. Tapped trans- 
formers may also be used. 

There are specially designed universal motors 
which have tapped field windings. Different speeds 
are obtained with a selector switch. 

At least one portable electric mixer, Fig. 3, ob- 
tains two speeds by using a universal motor with 
two windings. An off-low-high switch connects 
either one winding or the other. 

All de and universal motors can be adjusted 
in speed by mechanically moving the brushes with 
respect to the field poles. However, this method 
is seldom employed except with universal motors 
because of heavy arcing at low speeds. The arcing 
is caused by the brushes being so far from a 
neutral position at low speeds. Although the meth- 
od tends to pit the armature, little trouble is 
encountered within short and infrequent operating 
periods at low loads. 


Electric Centrifugal Governors: Speed of small 
de series, shunt and universal motors and ac re- 
pulsion motors in the range of 1/100 to %-hp 
can be rather closely regulated with electric cen- 
trifugally-operated speed governors. Electric gov- 
ernors are most commonly used to regulate the 
speed of universal motors in such applications as 
movie cameras and projectors, desk calculators, 
electric typewriters, oxyacetylene cutting ma- 
chines, and electric drills, Fig. 74. A governor-con- 
trolled universal motor performs almost exactly 
the same on alternating current or direct current. 

Centrifugal governors can usually be manually 
adjusted to provide a wide range of preset speeds. 
Some units are designed for screwdriver adjust- 
ment while the governor motor is stationary and 
are available for one speed control, Fig. 75, and 
two-speed control. Speed governors are also de- 
signed to permit stepless adjustment to any speed 
while the motor is running, Fig. 75, by means of 


threaded knobs or lever arrangements, Fig. 74. 
These screw, knob or lever adjustments change the 
position of a stationary contact with respect to a 
movable contact. This, in turn, controls the speed 
at which the contacts will open from centrifugal 
force. 

The governor contact assembly is mounted on 
the end of the motor shaft. The vibrating con- 
tacts are wired to slip rings. Stationary brushes 
connect the contacts in the motor circuit and the 
paralleling contact resistor and capacitor. 

In controlling the speed of a series or universal 
motor, the contacts are closed until the motor 
reaches a preset speed. At that point the con- 
tacts open by means of centrifugal force and re- 
sistance is inserted in series with motor armature 
and field coils. This reduces armature current 


Photo, courtesy Electro-Mechano 


Fig. 74—Above—High-speed precision drill press 
with manual adjustable-governor speed control. Ty- 
pical speeds are 1000 to 10,000 or 2500 to 15,000 rpm 


Photo, courtesy 
Bodine Electric Co. 


Fig. 75—Left — Lee 
Engineering Co. cen- 
trifugal speed govcr- 
nor mounted on mo- 
tor, left, at standsti'l, 
speed adjustment ¢.0 
be made with screw 
driver. For governor 
at right, speed can be 
adjusted with knob or 
lever while motor 1s 
running 
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which reduces motor speed, and the contacts close 


again. Reclosing of the contacts causes the motor 
to accelerate again. Since the interruption frequen- 
cy may range from 200 to 600 cycles per second 
or more depending on the governor speed setting 
and motor load, actual operating speed remains at 
almost a constant value for any given setting. Of 
course, the governor can only hold speed from no 
load to the normal torque capacity of the motor 
for any preset speed. In general, the smaller the 
load, the faster the contacts vibrate. 

For universal motors, speed ranges are usually 
limited to 10 to 1 or 12 to 1. Typical speed ranges 
possible are 500 to 6000, 1000 to 10,000, 2500 to 
15,000 etc. Over such wide ranges, speed can vary 
as much as + 10 per cent at some settings. If 
the range is more limited such as 4 to 1, speed can 
be maintained within limits of + 2 to 4 per cent 
at any particular setting. In general, best opera- 
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tion is obtained over a speed range of 2000 to 
6000 rpm. 

Electric governors for shunt motors are placed 
in the field circuit and are normally open. These 
units, used in shunt motors, can only hold pre- 
set speeds from base speed up because it is a 
field weaking method. Where a governor is used 
on direct current only, such as a shunt motor, 
a split slip-ring type of governor is required to 
supply alternating current to the contacts. This 
prevents polarization of contacts and consequent 
roughening with eventual sticking. 
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\ SPEED ADJUSTMENT OF A-C MOTORS 
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The ac motor is usually considered to be a con- 
stant-speed rotating machine. The only exceptions 
are the ac commutator type motors such as the 
ac series motor or repulsion type motors. Because 
of the constant-speed characteristics of other ac 
motors and also the fact that ac power is so 
prevalent, these motors find wide application in 
industry. 

Equation 8 in Table 1 shows that ac motor 
torque is proportional to the square of terminal 
voltage. Speed of an ac motor depends on line fre- 
quency, number of poles in motor, and slip, as 
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shown in Table 1, Equation 9. The formula for slip 
is given in Equation 10 of Table 1. Speed can also 
be controlled by voltage reduction which increases 
slip. Of course, synchronous motors have no slip. 





SERIES MOTORS 











Alternating-current series motors can be adjust- 
ed in speed by varying voltage across the field and 
armature with adjustable resistors by the methods 
shown in Table 2 for de series motors. Ac motor 
speed can also be controlled by adjustable auto- 
transformers, tapped transformers, motor centrif- 
ugal governors, and brush shifting. 


Fig. 77—-Single-phase repulsion motor 
with brush-shifting speed adjustment 


Photo, courtesy Star-Kimble Motor Div., 
Miehle Printing Press and Mfg. Co. 



















Large high-voltage ac series motors are used 
chiefly in railroad traction, crane and hoist ap- 
plications. The universal motor is the most com- 
mon ac series motor and its characteristics have 
been covered in the previous section. 





SHUNT MOTORS 











Shunt-wound commutator motors do not or- 
dinarily operate on ac due to a phase shift of about 
90 degrees between the shunt field, which is highly 
inductive, and the armature circuit, which has lit- 
tle inductance. With this phase shift there can 
be practically no torque developed. One method 
that has been employed to overcome this factor is 
shown in Fig. 76. In this circuit design, the shunt 
type motor operates on ac by virtue of a resonant 
circuit which provides nearly unity power factor 
in the shunt field. 





REPULSION MOTORS 











Speed of repulsion motors can be controlled by 
increasing slip with series resistors, Table 12, or 
reactors in the motor input circuit. Also, adjust- 
able transformers can be employed to control motor 
speed. In general, a 2 to 1 speed range would be 
a normal practical limit. In all methods the motor 
is more sensitive to changes in load, the lower the 
speed. 

Repulsion motors can also be adjusted in speed 
by mechanically shifting the brushes from a nor- 
mal optimum operating position. The speed char- 
acteristic of a repulsion motor is similar to that of 
a series ac motor. However, at exceptionally light 


Fig. 78 — Small ac impulse motor, 2 by 4 by 
51, in., adjustable in speed from 1 to 250 rpm 


Photo, courtesy General Die and Stamping Co. 


loads, the speed does not become as high as 
would be expected of a series ac motor. Since op- 
timum performance of a repulsion motor is se- 
cured by proper location of the brushes with re- 
spect to the center line of the stator poles, reduced 
speed can be secured by shifting the brushes in 
the direction of rotation. By placing the brushes 
on a rigging which can be rotated smoothly and 
steplessly from one position to another, stepless 
speed adjustment can be provided. 

The speed characteristic of a repulsion motor is 
somewhat unstable, because it varies inversely 
with torque. Speed variations that accompany 
changes in load can be corrected manually by shift- 
ing the brushes. 

Adjustable-speed motors of this type are 
equipped to mechanically shift brush position by 
a handle which can be operated manually, Fig. 77, 


Fig. 79 — Fractional-horsepower shaded- 
pole motor and typical fan application 


Photo, courtesy Fasco Industries Inc. 
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or linked to a pedal. Speed ranges of 3 to 1 or 4 to 
1 are obtainable. Such motors are available in 1/6 
to 3-hp sizes. 

Successful application of this motor is usually 
limited to loads where the torque remains rela- 
tively constant throughout a given speed range. 





IMPULSE MOTORS 














Another small adjustable speed ac motor is the 
impulse motor, Fig. 78. Such motors are simple in 
design, low in cost, small in size, and light in 
weight. Speed is adjusted by a simple thumb-nut 
control. Such motors accelerate to rated speed 
almost instantly and stop quickly without over- 
travel. 

The solid steel rotor is caused to turn by elec- 
tromagnetic impulses. The electromagnet coil op- 
erates directly on ac power and the unit in Fig. 78 
consumes only 9 watts of power. Motor is suitable 
for low horsepower applications where recipro- 
cating and rotating elements require speed adjust- 
ment from time to time and fast starts and stops 
are involved. 





SHADED-POLE MOTORS 











Shaded-pole electric motors represent the small- 
est and simplest type of induction motor. They are 
low in cost and are inherently rugged. Funda- 
mentally they are designed to operate at a constant 
speed. However, in applications for driving fans, 
blowers (Fig. 79), small pumps, etc., in which 
high starting torque is not necessary, motor speed 
can be controlled. In Fig. 80a is shown a basic pic- 
torial representation of a subfractional horsepower 





shaded-pole motor. From this diagram it is appar- 
ent that speed can be adjusted by any method 
that adjusts main field current or shading coil 
current. A method of adjusting speed in one direc- 
tion of a reversible shaded pole motor is shown in 
Fig. 80b and a shaded pole motor dynamic braking 
circuit is shown in Fig. 80c. At least four common 
methods can be employed to adjust shaded-pole 
motor speed by power input control: 


1. Tapped or adjustable autotransformers 

2. Tapped or adjustable resistors in series with 

motor 

3. Tapped or adjustable inductors in series with 
motor 

4. Tapped main field coils or a tapped shaded coil 


While the tapped or adjustable autotransformer 
method, Fig. 81a, would be the most efficient meth- 
od for speed control, this method is seldom used 
on shaded-pole motor speed control since trans- 
former cost would approximate motor cost. In ad- 
dition, the switching arrangement becomes com- 
plex, since the transformer must be disconnected 
from the line in the off position as shown in 
Fig. 81a. 

The series resistance method, Fig. 81b, is the 
cheapest and simplest form of speed control. Tapped 
resistors or rheostats could be employed. The only 
drawback of this arrangement is power loss and 
heat developed in the resistor. 

An inductive reactor arrangement, Fig. 81c and d 
has much lower power loss and heat development 
than the resistor control method. Commercial shad- 
ed-pole motors with two or three-speed controls, 
Fig. 82, commonly employ tapped series inductive 
reactors. This speed control method covers a wide 
power range—1/6 to 1/300-hp. An adjustable in- 
ductor is approximately double the size of the 
tapped inductive reactor. This point must be con- 
sidered where space is an important factor. 

Other speed control methods employ saturable 
reactors and buck-boost transformers. 

The fourth method involves a special motor de- 
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Fig. 81—Four types of circuits for input-power speed control of shaded-pole motors 


(c) (d) 


Sketch, courtesy Ballastran Corp 
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Photo, courtesy Curtis Development and Mfg. Co 
Fig. 82 — Series-reactor type speed 
control for shaded-pole motors 
providing three forward speeds 


sign. With tapped main field motor coils and shad- 
ing coils, stepped speeds are provided with only 
a stepped switch. This method is most adaptable to 
larger diameter motors in the 1/6 to 1/30-hp range. 





SPLIT-PHASE MOTORS 











For starting, a split-phase induction motor has 
an auxiliary winding displaced electrically from 
the main winding but connected in parallel. The 
auxiliary winding is either opened after starting 
or connected-in permanently. The latter type is 
thus termed permanent split-phase induction motor. 
As with capacitor induction motors, speed can be 
controlled by adjustment of an autotransformer 
input voltage to either of these types. A method 
of obaining two speeds with a permanent split- 
phase induction motor is shown in Fig. 83. Here, 
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different speeds are obtained by changing the wind- 
ing connections to change number of poles. This 
system is usually employed for only two speeds, 2 
to 1. Although other speed multiples are possible, 
additional main windings are required. Such mo- 
tors are most commonly used to drive fans and 


blowers. 





CAPACITOR MOTORS 











A capacitor motor is a single-phase induction 
motor with a main winding arranged for direct 
connection to a source of ac power, and an aux- 
iliary winding connected in series with a capacitor. 

There are three basic types: (1) capacitor-start, 
(2) two-value capacitor, and (3) permanent-split. 
The first two types are not ordinarily adjusted in 
speed, either in steps or continuously. However, the 
permanent-split capacitor motor speed can be ad- 
justed by reconnecting the split field windings as 
shown in Fig. 83. 

To obtain ten speed steps, for example, with a 
permanent-split capacitor motor, it is convenient 
to use a tapped autotransformer for varying the 
voltages on the main and auxiliary windings, Fi¢. 
83. 

For highest speed—motor rated speed—the com- 
mon connection of the main and auxiliary windings 
is connected to the transformer so as to provicie 
them with equal voltage. For reduction in speed, 
voltage across the main winding is reduced by ac- 
justment of the autotransformer. As the maii- 
winding voltage is reduced, the auxiliary circu!'- 
winding voltage is increased a corresponding 
amount. This change in voltage to the auxilia’y 
circuit causes speed reduction of the motor to ‘¢ 
a bit less than it would otherwise be. But it hs 
the desired effect of improving starting and acce!- 
erating torques. 

A new two-speed, double-winding, capacitor- 
start induction motor has recently been developed. 
In the application shown in Fig. 84, this new mo- 
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tor system not only can operate at two speeds but 
ean be automatically reversed three times per min- 
ute. This motor design has high starting torque at 
‘ither speed. 





POLYPHASE SQUIRREL-CAGE 
MOTORS 











Small amounts of speed reduction can be ob- 
tained by reducing input voltage to squirrel-cage 











OEE FE 
Photo, courtesy Emerson Electric Mfg. Co. 
Two-speed split— phase, induction start 
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Two-speed split-phase, capacitor start 
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Fig. 83—Connection diagrams for two 
types of split-phase motors and ten-speed 
capacitor-motor autotransformer controller 
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motors. This can be done with adjustable rheo- 
stats or inductive reactors in series with input 
leads to the motor. These methods reduce pull-out 
torque, and regulation is poorer. Such methods 
may be applied to fan loads where torque varies 
with speed. 

In applications where a few fixed speeds are ade- 
quate, speed of squirrel-cage motors can be ad- 
justed by reconnection of windings. These motors 
are referred to as multispeed motors, Fig. 85. 

In the case of two-speed motors, these are avail- 
able in either single-winding type or two-winding 
type. In the case of the single-winding motors, such 
speeds as 1800/900, 3600/1800, 1200/600 and 
900/450 rpm are obtained by bringing leads from 
the windings permitting reconnection of the motor 
from one speed to another by a method known as 
“consequent pole arrangement”. Exact 2 to 1 ratios 
are the only speeds possible by a consequent pole 
connection. 

Two-speed, two-winding motors permit the use 
of speeds other than of 2 to 1 ratio, such as 1800, 
1200, 1200/900, 900/600 rpm. In these cases one 
winding is utilized for each of the two speeds. 

Four-speed motors are always of the two-wind- 
ing type, with each winding reconnectable for con- 
| 


Fig. 84 — Doerr Electric two-speed ca- 
pacitor motor on Huebsch Mfg. Co. com- 
mercial clothes washer with Cutler-Ham- 
mer drum switch for dual speed control 


Photo, courtesy Doerr Electric Corr 
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sequent pole arrangement, thus permitting four 
different output speeds. An application employing 
both a two-speed and a four-speed squirrel-cage 
motor is shown in Fig. 86. 

Power versatility is provided for in multispeed 
motors since a single unit can be operated at dif- 
ferent speeds to fit the needs of special jobs. These 
motors are available in either two, three or four- 
speed ratings and provide even further versatility 
in the following torque-horsepower-speed combin- 
ations: 

CONSTANT TORQUE types of multispeed motors are 


Fig. 85—Multispeed polyphase squirrel-cage motor 
Photo, courtesy Reuland Electric Co. 

























used on equipment where the loads require a near- 
ly constant torque regardless of the motor speed. 
With this type of motor the power output varies 
directly with speed. Typical applications include 
printing presses, conveyors, air compressors, etc. 

VARIABLE TORQUE types of multispeed motors are 
especially suited to powering loads that develop and 
maintain their momentum. With such loads, a re- 
duction in operating speed is accompanied by a 
much greater reduction in required operating out- 
put power. For example, the power-to-speed reduc- 
tion ratio of a variable-torque motor rated at 20 
hp, 1800 rpm is 5 hp at 900 rpm. Typical applica- 
tions include fans, blowers, centrifugal pumps. etc. 

CONSTANT OUTPUT POWER types of multispeed 
motors are utilized on equipment where power out- 
put required is constant regardless of the operat- 
ing speed. This feature is desired on jobs that re- 
quire a constant amount of power such as en- 
countered with a lathe where various speed and 
cutting characteristics are required for different 
diameters of work. Typical applications include 
drill presses, shapers, grinders, metal and wood- 
working lathes, boring machines, etc. 

If wide continuous speed ranges are required 
with squirrel-cage motors, then adjustable-fre- 
quency systems must be used. 

Changes in operating characteristics of a Design 
B squirrel-cage motor for small changes in fre- 
quency and voltage are listed in Table 16. A sum- 
mary of speed adjustment characteristics is pre- 


sented in Table 17. 


Manual Controllers: Manually operated drum 


Fig. 16—Effects of Voltage and Frequency Variations on Standard Squirrel-Cage Motors 








Change in Rated Change in Rated 
Line Voltage (per cent) Line Frequemey (per cent) 

Characteristic +10 —10 + & — 5 
Torque* Change (per cent) 

Locked-rotor and breakdown .............. +21 —19 ~10 il 
Speed+ Change (per cent) 

I goa ek WA oa a oe he kok ce None None + 5 — 5 

WN oo kg ooo on 6 obi oven his vce pee an kk + 1 —1L.56 + & — 5 

a rrr er re oe —17 +23 Little change Little change 
Efficiency Change (per cent) 

ok i hs cece en ckce becuse +0.5 tol —2 Slight increase Slight decrease 

ras Fi kas Stic bh bocees Little change Little change Slight increase Slight decrease 

MN og os 6 5.6 bs ce 0A ib od bre be bas bee —1to2 +1to2 Slight increase Slight decrease 
Power-Factor Change (per cent) 

ME na Gk sk Wo saa so ee Ch ASS — 3 +1 Slight increase Slight decrease 

NNN, 5 c's au 6 OE Rds Ss COU bo Mendes eee be —4 +2to3 Slight increase Slight decrease 

I one ei kc oy hse oo kod ck dN eck cos —5 to 6 +4to5 Slight increase Slight decrease 
Current Change (per cent) 

SESS EE OG a ae ee +10 to 12 —10 to 12 —5 to 6 +5 to6 

DE ick Nha kk oak chaos Kee des balee abe — 7 +11 Slight decrease Slight increase 
es WN OS a ik nv nn va in So teen —3to4 +6toT7 Slight decrease Slight increase 
Maximum Overload Capacity Change (per cent) +21 —19 Slight decrease Slight increase 
NY PI hog iid cc ki eb uk cue cxsvneens ek Slight increase Slight decrease Slight decrease Slight increase 





For typical general-purpose NEMA Design B squirrel-cage motors. Cited values vary somewhat me: different ratings and 


designs. Data, courtesy Allis-Chalmers Mfg. Co. 


*Locked-rotor and breakdown torque of ac induction motors vary as the square of voltage. 


tSpeed of ac induction motors varies directly with frequency. 
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controllers, Fig. 87, easily provide multispeed mo- 
tor control up to 150 hp since the drums can easily 
be arranged with the necessary contacts for the se- 
quence of operation. The ordinary drum switch 
does not provide low-voltage protection, overload 
protection, or reduced-voltage starting, but a stand- 
ard motor starter is usually used ahead of the drum 
for needed protection. Since some drums are not de- 
signed for making or breaking the load current, 
additional contacts are used on the drum to close 
the starter when the drum is in a definite speed 
position and to open it before the drum contacts are 
opened. This prevents arcing or welding of the 
main current-carrying contacts of the drum. 
Stators with more than one separate winding 
require at least one set of overload relays for each 
winding; with variable-torque motors this is con- 
sidered sufficient. However, when a _ constant- 
horsepower motor or a constant-torque motor is 
used on a constant-horsepower load or a constant- 
torque load, one set of overload relays is required 
for each speed to protect the motor fully. 





















Magnetic Controllers: Used where the motor is 
remotely controlled or.where an automatic pilot 
device, such as a pressure switch or a thermostat 
is needed, magnetic controllers, Fig. 87, are also used 
for frequent operation and severe service. They are 





Photo, courtesy U. 8. Electrical Motors Inc. 
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Table 17——-Characteristics of Polyphase AC Motors 
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Fig. 86—Boring machine with multispeed 
squirrel-cage motors powering spindles. 
Two-speed motor drives mechanical adjust- 
able-speed transmission on one spindle and 
four-speed motor powers other spindle 



































Tyre Starting Breakdown Stepiess Stepped Output Typical 
Moter Torque Torque Speed Speed Power Applications 
(per cent (per cent of Adjustment Adjustment chp) 
of full-load) full-load) 

Squirrel Cage 100 to 250 200 to 300 Some with in- Multispeed types % to 200 Blowers, fans, cen- 
NEMA Design B* . put impedance available with 2, 3 trifugal pumps, ro- 
» gontrol; poor or 4 fixed speeds tary compressors, 
regulation machine tools, 


NEMA Design ©* 200 to 250 190 to 225 Some with in- Multispeed types 3 to 150 
: put impedance available with 2, 3 ors, x 
control; poor or 4 fixed speeds crushers, pumps, 
- regulation pulverizers 
NEMA Design D* Up to 275; de- Usually stalls Some with in- Multispeed types % te 150  Bailers, bulldozers, 
pends on speed only at max- put impedance available with 2, 3 cranes, die stamp- 
and rotor re- imum torque control; poor or 4 fixed speeds ing machines, ele- 
resistance which is at regulation vators, hoists, 
standstill punch presses, 
’ shear machines 
Wound Roter Up to 300; de- 200 with short- 50 per cent % to sev- Bali mills, centrifu-_ 
pends on ex- ed slip rings speed reduction eral thou- gal and plunger 
ternal rotor re- by rotor resist- sand Pumps, compres: | 
sistance and ance control. sors, conveyors, — 
distribution Some with in- eranes, fans, hoists 
put impedance 
control; poor re- 
duction by ro- 
tor resistance 
control 
Synchronous 40 to 160; de- 80 to 300; de- None Special motors de- 25 to sev- Constant-speed serv- 
5 pends on de- pends on de- signed for two eral thou- ice | 
sign sign fixed speeds sand SS 












woodworking m a - 






























‘NEMA Designs: B—Normal starting current, normal 
starting torque; C-—High starting torque, normal starting 
eurrent; D—High starting torque, high slip. 
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built for two, three and four-speed motors of either 
the separate winding or the reconnected type. They 
are usually the full-voltage type, but may be the 
reduced-voltage type, the same as the standard 
single-speed reduced voltage starters. There are 
three forms of multispeed magnetic starters: se- 
lective, compelling and progressive. 

SELECTIVE CONTROL permits starting the motor 
on any desired speed winding. To change the speed 
of a running motor to a higher speed, the oper- 
ator presses the desired speed button. However, 
to change to a lower speed the operator must 
press the stop button before selecting the lower 
speed. This allows time for the motor to decrease 
speed and thereby reduces shock on the driven ma- 
chinery and surges on the power system. Occasion- 
ally on automatic controls, a time-delay relay is 
used to prevent the starter from changing from 
a high speed to a lower speed too quickly. This 
prevents sudden deceleration of the load. 

COMPELLING CONTROL makes it necessary for the 
operator to increase speed from rest through each 
successive speed step in the proper sequence. To 
decrease speed, the operator must press the stop 
button and start at the lowest speed following the 
sequence to a new speed. This is required because 
of the conditions outlined in the foregoing para- 
graph. 

PROGRESSIVE CONTROL provides automatic, def- 
inite time-delay acceleration of the motor to the 
selected speed. To start the motor or raise the speed, 
the operator need only press the button for the 
desired speed. To change to a lower speed, the 
operator must press the stop button before select- 
ing a new speed. With these starters, the motor 





cannot be started at a high speed and must pro- 
gress automatically through the sequence of speeds. 





POLYPHASE WOUND-ROTOR 
MOTORS 











Speed of wound-rotor motors could be controlled 
by input voltage adjustment, as mentioned for 
squirrel-cage motors. However, a more economical 
and common method of speed adjustment is to in- 
sert resistance in the rotor circuit. 

In construction, wound-rotor induction motors 
differ from the squirrel-cage type only in the rotor. 
Where the cage motor has short-circuited bars, the 
wound-rotor motor has definite windings (usually 
three-phase) in which leads are brought out to 
slip rings. External resistor connections for vary- 
ing rotor resistance are made to brushes riding on 
these slip rings. In a wound-rotor motor, the stator 
is commonly called the primary and the rotor the 
secondary, because, under locked-rotor conditions, 
the motor is a transformer with a given ratio. This 
ratio depends on motor design and is not stand- 
ardized. 

An induction motor develops maximum torque 
when the motor resistance is equal to the slip multi- 
plied by the motor reactance. In a squirrel-cage 
induction motor, the starting torque is consider- 
ably lower than the maximum or breakdown torque 
since the rotor resistance is relatively low and 
constant in comparison to reactance at standstill. 





Fig. 87—Drum switch 
for manually starting, 
speed changing, and 
reversing polyphase 
multispeed = motors, 
left, and magnetic 
multispeed motor 
starter, right 


Photo, courtesy 
Allen-Bradley Co. 
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The starting current drawn from the line with 
a wound-rotor motor is less than that required 
oy a squirrel-cage motor for the same starting 
torque. 

A given value of torque requires a definite value 
of stator flux and rotor current. Any increase in 
rotor resistance tends to reduce rotor current and 
motor torque. To obtain a definite value of torque, 
the motor will slow down to increase the induced 
rotor voltage in order to maintain the rotor cur- 
rent, the stator flux being practically constant. 
Thus, changing the rotor resistance is a means of 
controlling motor speed. 

Wound-rotor motors are particularly adaptable 
to applications requiring high starting torque or 
speed control where speed ranges of 2 or 3 to 1 
are acceptable. Typical applications include cranes, 
hoists, elevators, pumps, crushers, rolling mills, 
wood pulp grinders, etc. Sizes available run into 
the thousands of horsepower. 

The control equipment for a wound-rotor motor 
includes a primary starter to connect the motor to 
the supply line, and a device for commutating the 
rotor to secondary resistance. 


Primary Control: Since the primary is the same 
as that of a cage motor, the primary control re- 
quires a standard cage motor starter of the full- 
voltage type. This starter is required to provide 
the necessary overload protection as well as under- 
voltage protection or release. The starter may be 
manual or magnetic, high or low-voltage and may 
incorporate short-circuit protection. Reversing of 
the motor may be accomplished with a reversing 
primary starter in the same manner as for a squir- 
rel cage motor. 

The primary control is electrically interlocked 
with the secondary controller in such a manner 
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that the motor cannot be connected to the line un- 
less all of the secondary resistance is inserted in 
the secondary circuit by the secondary controller. 
If a circuit breaker is used in the primary, it must 
have a magnetic lock attachment, interlocked with 
the secondary controller, so that it cannot be closed 
to connect the motor to the line unless the second- 
ary controller is set for maximum resistance. 


Secondary Control: For varying the resistance in 
a rotor circuit to provide secondary control of 
wound-rotor motors one of the following five con- 
trols may be used: 

1. Manual nonreversing starting drum controller 


2. Manual nonreversing speed-regulating drum 
controller 





Liquid rheostat 


4 
’ 


AC supply 


Primary 





Motor- 
operated 

movable 
electrodes 

















Stationary 
electrodes 
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Wound-rotor 
induction motor 
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Fig. 88—Left—Drum 
speed controller for 
rotor-resistance con- 
trol of wound-rotor 
motors 









Photo, courtesy 
Cutler-Hammer Inc. 





Fig. 89 — Right — 
Liquid rheostat control 
of wound-rotor motor 








Photo, courtesy 
Westinghouse Electric Corp. 








3. Manual reversing drum controller 
4. Liquid rheostat 
5. Magnetic contactor type secondary control 


The most common type secondary controller is 
the cylindrical drum with contact segments which 
touch sliding finger contacts, Fig. 88. The main 
portion of the drum is a cast cylinder with the 
shorting segments mounted directly on it. The 
cam type controller switch is sometimes used for 
secondary control and, with this method, rotating 


cams close contact fingers at different points as 
the cam shaft is rotated. 


Liquid Rheostat Control: The liquid rheostat is 
used for wide-range, smooth speed regulation of 
wound-rotor induction motors driving loads with 
definite speed versus load characteristics, such as 
fans, blowers and pumps. They are also used for 
current coatrol or for starting control of heavy 
constant-torque loads. 

In general, liquid rheostats, which use water for 
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Armature reaction—Effect resulting from 
the electro-magnetic action set up by the 
rotating armature. 
Autotransformer—Transformer in which 
a part of the winding is common to both 
primary and secondary circuits. 
Braking, dynamic—System of braking in 
which the motor is used as a generator, 
and the kinetic energy of the motor and 
driven machinery is employed as the ac- 
tuating means for exerting a retarding 
force, Energy produced may be absorbed, 
for instance, by suitable resistors. 
Braking, regenerative—Form of dynamic 
braking in which the kinetic energy of 
the motor and driven machinery is re- 
turned to the power-supply system. 
Circuit breaker—Device designed to open 
an electric circuit by the operation of an 
electromagnetic or thermal] device for the 
purpose of protecting a circuit and con- 
nected electrical equipment against ab- 
normal conditions, such as short circuits 
or overloads, which might cause damage. 
Command—tInput signal to a regulator 
which is established or varied by some 
means external to, and independent of, 
the feedback control system under con- 
sideration. 

Compounding—Field winding design of a 
compound generator that provides the 
same voltage output at no load as at full 
load when operating at rated speed, volt- 
age, and temperature. 

Contact drop—Drop in voltage due to re- 
sistance between face of the brush and 
surface of the commutator. 

Contactor, clapper — Magnetic contactor 
hinged at one end for opening or closing 
an electric circuit. 


Contactor, magnetic—Device for repeated- 
ly establishing and interrupting an elec- 
tric power circuit by electro-magnetic 
means. 

Contactor, solenoid—Magnetic contactor 
which functions by the action of a sole- 
noid coil on a movable plunger for the 
repeated opening or closing of an elec- 
tric circuit. 

Contacts, auxiliary—Small contacts which 
open and close the control circuit. 
Control accuracy—Degree of correspond- 
ence between an ultimately controlled 
variable and the ideal value. The term 
accuracy has also come to mean the 
amount speed will deviate from a pre- 
set value. 

Also see Deviation, system. 


Control, armature—Speed controlled by 
adjustment of the voltage applied to the 
armature terminals of the motor. 
Control, closed-cycle — Control system 
which is self-regulatory. 

Control, field—Speed controlled by ad- 
justment of the voltage applied to the 
field of a d-c machine. 

Control system, automatic—Any operable 
arrangement of one or more automatic 
controllers connected in closed loops with 
one or more processes. 

Control, Ward Leonard—System of speed 
control in which the drive motor is pow- 
ered by a generator with an adjustable- 
voltage output. 

Controlier—Device or group of devices 
which governs in a predetermined manner 
the electric power delivered to apparatus 
to whieh it is connected. 

Controller, automatic — Device which 
measures the value of a variable quan- 
tity or condition and operates to correct 
or limit deviation of this measured value 


from a selected reference. An automatic 
controller includes both the measuring 
means and the controlling means, True 
automatic control systems always contain 
one or more feedback loops at least one 
of which includes both the automatic 
controller and the process. 

Controller, cam—Form of drum controller 
in which the contact fingers are actuated 
by cams mounted on a rotating shaft. 


Controller, drum — Manual controller in 
which electric contacts are made between 
stationary fingers and segments on a ro- 
tating cylinder. 

Controller, electric—Electric contro] equip- 
ment which varies, changes or modulates 
in a predetermined manner electric pow- 
er delivered to apparatus, such as a mo- 
tor, to which it is connected. 
Controller, magnetic—Electric controller 
in which part or all of its basic opera- 
tions are performed by electromagnets. 


Controller, manual — Electric controller 
having all its basic functions performed 
by hand. 

Controller, multiple-switch — Mechanism 
consisting of a series of toggle-operated 
switches each of which removes a step 
of resistance when closed for the purpose 
of reduced-voltage starting. 


Controller, relay-operated — Controller in 
which the energy transmitted through the 
primary element is either supplemented or 
amplified for operating the final control 
element by employing energy from an- 
other source. This type of automatic 
controller may have either a self-operated 
measuring means and a relay-operated 
controlling means, or a_ relay-operated 
measuring means and a relay-operated 
controlling means. 

Controller, self-operated — Controller in 
which all the energy to operate the final 
control element is derived from the con- 
trolled medium through the primary ele- 
ment. This type of controller must have 
both self-operated measuring means and 
self-operated controlling means. 

Current limit acceleration—System of con- 
trol in which acceleration is so governed 
that the motor armature current does 
not exceed an adjustable maximum value. 
Deviation, command transient speed—De- 
viation caused by a change in speed set- 
ting. This creates temporarily an error 
voltage which the regulator tries to elim- 
inate by bringing motor to new desired 
speed value. There are transients caused 
by this motor speed change and overshoot 
of the preset value before the system 
settles to steady-state values. 

Deviation, load transient speed—Devia- 
tion from desired speed due to load dis- 
turbances. Normally greater than steady- 
state deviation. Maximum value depends 
largely on motor and load inertias, in- 
herent regulation of drive system, and 
speed of response of the regulating sys- 
tem. High inertias reduce maximum de- 
viation but increase recovery time unless 
regulator gain is considerably increased. 
Deviation, peak command transient — 
Peak value of the ultimately controlled 
variable minus the ideal value when a 
specified load change is applied. 
Deviation, peak load transient — Peak 
value of the ultimately controlled vari- 
able minus the ideal value when the com- 
mand is constant. 

Deviation, steady state—Steady state val- 
ue of the ultimately controlled variable 
minus the ideal value when the com- 
mand is constant. 


Deviation, steady-state speed—Closely ap- 
proximates the total no-load to full-load 
regulation of the combined machines in 
a drive system divided by the system 
gain or amplification. 

Deviation, system—vValue of the ultimate- 
ly controlled variable minus the ideal 
value. This deviation is usually expressed 
as a plus or minus percentage of the 
desired speed. Reasons for deviation in- 
clude (1) electrical component changes, 
(2) power-supply changes, (3) load 
changes, and (4) command changes 
(change of speed setting). 
Drop-out—Opening of a magnetic con- 
tactor, or reduced voltage at which it 
opens. 

Duty, continuous—Service requirement de- 
manding operation at a substantially con- 
stant load for an indefinitely long time 
Duty, intermittent — Service requirement 
demanding operation for alternate inter- 
vals of (1) load and no-load, (2) load 
and rest, or (3) load, no-load and rest. 
Examples: freight and passenger eleva- 
tors, tool head, pumps, drawbridges, 
turntables. 

Duty, periodic — Intermittent duty in 
which the load conditions are regularly 
recurrent. Examples: rolls, ore and coal- 
handling machines. 

Duty, short-time—Service requirement de- 
manding operation at a substantially con- 
stant load for a short and definitely 
specified time. Examples: operating 
valves, raising or lowering rolls. 

Duty, varying—Service requirement de- 
manding operation at loads and for time 
intervals which may both be subject to 
wide variation. 

Efficiency, overall drive—Per cent me- 
chanical power output to electrical pow- 
er input including control equipment pow- 
er and conversion equipment losses. 
Exciter—Auxiliary dc generator or rec- 
tifier which supplies energy for the field 
excitation of a motor or generator. 
Excitron—Electronic tube with a pool of 
mercury for the cathode and an exciter 
electrode employed to establish the 
electron flow in addition to the usual 
anode. 

Generator, tachometer—A small ac oF 
de generator employed for accurate speed 
indications and other control functions. 
Also referred to as pilot generator. 


Hunt—To swing back and forth, alter- 
nately overshooting and undershooting 4 
desired fixed point, in effort to eek 
equilibrium. 

Ignitron—Electronic tube with a poo of 
mercury for the cathode and an ign tor 
electrode to continually re-establish the 
electron flow in addition to the usual 
anode, 

Inrush current—Maximum value of A 
rent at the instant a motor at rest }§ 
connected to the supply line. 


Interpole—Auxiliary magnetic pole P ved 
between the main field poles of an ores 
tric machine to permit proper commuta- 
tion. 

IR drop compensation—Provision - 
system of the control by which the volt- 
age drop (and corresponding speed drop) 
due to armature current and armature 
circuit resistance is partially or comp!:te- 
ly neutralized. 

Iron loss—Popularly applied to the 
of energy in an electric machine dué 
hysteresis and eddy currents in the 
mass. 


in tne 


loss 
to 
iron 
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the resisting medium, are safe, inexpensive, com- 
pact, simple with a minimum of parts, and have 
anaes 
no metallic contacts to be destroyed by arcs. 
In the modern three-phase liquid rheostat, three 
insulated cells or containers are mounted side by 














side, one for each phase of the wound-rotor sec- 


ondary, Fig. 89. These cells contain the electro- 
lyte (water) which functions as the resistance. 
Within each cell is a stationary electrode and a 
Motor speed is adjusted by 
raising or lowering the movable electrode and 


movable electrode. 






electrolyte level within the cells. This changes the 
resistance by varying both the distance between 
the electrodes and the current carrying area of 
the electrolyte. Since the electrolyte is a function 
of the resistance, its level must be controlled. Liq- 








PEED DRIVE TERMS 


Limit cireuits—Circuits for limiting cur- 
rent, voltage or both in drive systems 
caused by transient load, speed, and pow- 
er supply changes. Response character- 
istics are impaired with such circuits 
and must be considered in original sys- 
tem design. 

Magnetic amplifier — Saturable reactor 
used either alone or with other compo- 
nents to obtain amplification and con- 
trol of ac or dc power. 


Motor, adjustable-speed — Motor whose 
speed can be varied gradually over a 
considerable range, but whose speed when 
once adjusted remains practically unaf- 
fected by the load. For example a direct- 
current shunt-wound motor with field- 
resistance control designed for a con- 
siderable range of speed adjustment. 


Motor, adjustable varying-speed — Motor 
whose speed can be adjusted gradually, 
but whose speed, when once adjusted for 
a given load varies in considerable de- 
gree with change in load. For example, 
a direct-current compound-wound motor 
adjusted by field control or a wound- 
rotor induction motor with rheostatic 
speed control. 

Motor, constant-speed -— Motor whose 
speed of normal operation is constant or 
practically constant. For example, a 
synchronous motor, an induction motor 
with small slip or a direct-current shunt- 
wound motor. 


Motor, multispeed—Motor which can be 
operated at any one of two or more 
definite speeds, each being practically in- 
dependent of the load. For example, a 
direct-current motor with two armature 
windings or an induction motor with 
windings capable of various pole group- 
ings 

Motor, stabilized shunt—Shunt-wound mo- 
tor having a light series winding added 
to prevent a rise in speed or to obtain 
oe ee reduction in speed with increase 
OT load, 


Motor, variable-speed—See Motor, adjust- 
able-speed. 


Motor, varying-speed—Motor whose speed 
varies with the load, ordinarily decreas- 
ing when the load increases. For example, 
& series-wound or repulsion motor. 


Phase shift—Phase angle between plate 
voltage and grid voltage as applied to 
grid-controlled electronic rectifiers. 


Pickup—Popularly applied to the closing 
of a magnetic contactor or to the in- 
crease in voltage which causes it to close. 


Pilot device—Sensing element which ini- 
tates a signal that introduces signal 
changes into a controller. This may be 
& manually operated device such as a 
Simple off-on switch or drum controller, 
or it may be a transducer such as elec- 
~~ tachometer generator, thermocouple, 
c 


ae generator—See Generator, tachom- 
e7 


Plugging —Throwing a motor from full 
Speed in one direction to full speed in 
the opposite direction. 


Rectifier, controlled electronic—Rectify- 
ng device in which conduction can be 
imitiated at any instant in the positive 
_ of the cycle. By varying the igni- 
— point, average value of current 
ne ne through the tube or tubes to 
© connected load can be adjusted over 
& relatively wide range. 


Relay—Device by means of which con- 
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tacts in one circuit are operated by a 
change in conditions in the same circuit 
or in associated circuits. 

Residual magnetism—Magnetism perma- 
nently retained in a piece of iron after 
the magnetizing agent has been removed. 
Residual voltage—Voltage developed by 
a generator from the residual magnetic 
flux in the field poles. 

Response time—Period of time occurring 
between application of a specified dis- 
turbance or command to the time the 
ultimately controlled variable is perma- 
nently within the limits of steady-state 
deviation. 

Rheostat — Adjustable resistor so con- 
structed that its resistance can be 
changed without opening the circuit to 
which it is connected. 

Rheostat, face-plate—Adjustable resistor 
for heavy-current applications. Rheostat 
consists of a series of contact segments 
or buttons mounted on an insulated face 
plate. Contact buttons are wired to a 
series of resistor elements of proper ca- 
pacity. 

Rheostat, plaque type—Adjustable resis- 
tor consisting of an asbestos insulating 
board or ceramic form on which resist- 
ance wire or ribbon is wound. Contact 
buttons, arranged in a small arc, are 
connected to several points along the 
resistance wire. 

Rheostat, plate—Adjustable resistor con- 
sisting of a series of contact buttons 
arranged in a circle and connected at 
many points to an embedded resistive 
element. 

Rheostat, ring type—Adjustable resistor 
consisting of a resistive element of either 
wire or ribbon toroidally wound on a 
ring of ceramic insulating pottery or in- 
sulated metal. 

Rheostat, slide-wire—Same as Rheostat, 
sliding contact. 

Rheostat, sliding-contact—Adjustable re- 
sistor of heavily oxidized wire or ribbon 
wound on a tube of heat-resistant in- 
sulating material, A _ sliding contact on 
a guide rail provides power adjustment. 
Saturable reactor—Reactive iron-cored in- 
ductance element used to control alter- 
nating-current power. 

Service factor—Ratio of continuous over- 
load which may be safely applied to a 
general-purpose motor at rated voltage 
and frequency without overheating to 
normal load. For fractional-horsepower 
motors this factor may range from 1.25 
to 1.4, with higher values applying to 
smaller horsepower ratings. For integral- 
horsepower motors, service factor may 
range from 1.15 to 1.25. Above 3 horse- 
power, standard service factor is 1.15. 
Shorted out—Means of removing a de- 
vice from an electric circuit by short 
circuiting its terminals. 

Shunt — Branch conductor connected in 
parallel with the main conductor, or a 
device arranged to permit only a small 
portion of the current of a circuit to 
energize a sensitive instrument. 

Solenoid — Hollow cylindrical winding 
which acquires the properties of a mag- 
net when a current flows through it. 
Speed adjustment—See Speed control 
Speed, base (adjustable-speed motors)— 
Lowest rated speed obtained at rated 
load and rated voltage at the temper- 
ature rise specified in the rating. 

Speed change—Speed variation due to 
load or adjustment. 









Speed control—Manipulation or control of 
the speed of a motor by manual opera- 
tion or by an automatic device. Speed 
changes produced in this way are inde- 
pendent of the inherent changes in speed 
due to load upon the machine. 

Speed deviation—See Deviation, steady- 
state speed, load transient speed, and 
command transient speed. 

Speed range—aAll speeds which can be 
obtained in 2 stable manner by action 
of part (or parts) of the control equip- 
ment governing the performance of the 
motor. Speed range is generally ex- 
pressed as the ratio of maximum to min- 
imum operating speeds. 

Speed, rated—Speed of an electric mo- 
tor when rated voltage is applied to 
the motor terminals and the motor is 
driving a rated motor-nameplate horse- 
power load. 

Speed-regulating system — Speed-control 
system in which some form of feedback 
is introduced for the purpose of reducing 
inherent variations in speed which would 
otherwise occur with changes in load, 
motor input voltages, etc. 

Speed regulation—Change in speed of an 
electric motor as load is placed upon it 
when operating at constant terminal 
voltage. Defined as the ratio of the 
difference between no-load and full-load 
speed to the speed at full load expressed 
in per cent. 

Speed setting—Selection of an operating 
point at a given condition of load by 
movement of the adjusting device. 
Speed step—A definite change in speed 
due to adjustment. Term is usually not 
applied to continuously adjustable drives 
since the speed steps would be essentially 
infinite in number. 

Speed variation—Change in motor speed 
above or below, or both, from a desired 
speed value due to changes in load or 
input power. 

Speed variation, inherent — Changes in 
speed which occur with changes in load, 
motor temperature, etc. 


Starter—Electric controller for accelerat- 
ing a motor from rest to normal speed. 


Starter, across-the-line—Starter arranged 
to place full line voltage on the machine 
without intermediate resistor steps. 

Starter, face-plate—Manual starter with 
a movable arm which sweeps over a 
row of stationary contacts mounted on a 
flat surface for the purpose of remov- 
ing steps of resistance from the circuit. 
Surge—Sudden rush of electric current 
in a circuit at the instant the circuit is 
closed, or a sudden load thrown on it. 


Switch, master—Switch which dominates 
the operation of contactors, relays or 
other magnetically operated devices. 


Tachometer—<A device for measuring ro- 
tational speed in revolutions per unit of 
time. May use frequency, ac or de volt- 
age, or ac or de current as a sensing 
signal. 

Thyratron—An electronic tube containing 
inert gas or mercury vapor under low 
pressure and three electrode elements. 
Torque, breakaway—Total torque devel- 
oped in a motor armature to start ro- 
tation. 

Winding, compensating—Winding designed 
to neutralize the armature cross field, 
wound in series with the armature 
through slots across the face of the pole 
pieces. : 








ADJUSTABLE-SPEED 
ELECTRIC-MOTOR DRIVES 











uid level is maintained just above the movable 
electrode by a weir or gate which moves up and 
down with the movable electrode. 

The electrolyte is in constant circulation, passing 
through a heat exchanger where the heat caused 
by the current passing through the electrolyte is 
dissipated. By proper design, almost any type of 
resistance versus position curve can be obtained, 
giving equal speed changes per unit of rheostat 
travel. 

Many other methods of speed control of wound- 
rotor motors have been developed. These systems, 


Photo, courtesy McCleery Engineering and Mfg. Co. 


Fig. 90—Above—Louis Allis Co. 50-kw ad- 
justable-frequency converter for powering 
several ac motors. Frequency output 
is adjustable through a 15 to 50-cycle range 


some of them quite complicated, do not find wide 
application. 





SYNCHRONOUS MOTORS 











Since the synchronous motor operates at ex- 
actly synchronous speed, speed adjustment meth- 
ods are usually complex and expensive. Adjustable- 
frequency systems are employed where speed reg- 
ulation must be zero or in multiple-motor drive 
systems where exact synchronization between mo- 
tors is required. Some type of frequency converter 
must be provided, Fig. 90. Synchronous motors 
can be designed to permit reconnection of windings 
to obtain different speeds. 





SCHRAGE MOTORS 











Another ac motor that has relatively wide speed 
range is the three-phase brush-shifting polyphase 
shunt motor, Fig. 91. This motor was originally 
known as the Schrage Motor and has an adjustable 
constant-speed characteristic with good torque and 
efficiency. The motor is basically a polyphase in- 
duction motor with a primary winding on the rotor 
and an insulated secondary winding on the stator. 
The stator winding is connected to movable brushes. 
When these brushes are shifted apart, a slip-fre- 
quency voltage is applied to the stator winding, 
thereby causing speed changes. 

Such motors have regulation of 10 per cent or 
better at top speed and about 20 per cent at low 
speed, and the operating range may be as high as 





{ t 
Photo, court«*s¥ 
Belgian Electric Sales Cor? 


Fig. 91 — Machine 
built by Internation! 
Paper Gluing Machine 
Co. with 10-hp brusi- 
shifting polyphase 
motor. Application 
calls for speeds be- 
tween 300 and 1500 
rpm 
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20 to 1, although not continuously. It has good 
efficiency at low speed and is suitable for contin- 
uous operation at approximately 4 or 5 to 1. Con- 
trol is by a standard reversing or nonreversing 
starter with automatic or remote speed selection, if 
desired. Horsepower ranges of 3 to 60 are com- 
mon although sizes to several hundred horsepower 
have been built. 

They find application in textile machines, fans, 


ff 


( LOAD POWER DETERMINATION 


\ 


\ 


It may be somewhat difficult and tedious to cal- 
culate power required by a load throughout a giv- 
en speed range. If the machine, or a prototype, is 
available load power can easily be determined by ex- 
perimentally driving the load with a de motor. A 
direct-current ammeter of suitable capacity can be 
placed in series with the de motor armature and a 
de voltmeter across the armature. With no load 
connected to the motor, readings can be made of 
no-load armature current (sometimes called idle 
current) and applied no-load voltage with the 
armature rotating at a number of speeds which are 
of interest throughout the speed range. 

Then, load can be applied to the motor and meas- 
urements made of armature current and voltage 
under load conditions at the same speed points 
picked for the no-load conditions. 

With power to the motor off, armature resistance 
should next be measured—while the armature is 
still hot. 

Power required to drive the load in horsepower 
for each speed point is given by (See Nomencla- 
ture, Page 191) 


Ei, Tat Sea Ein Tant -t R, (lax on Tawi)? 
746 


2s 





Where the load on a machine varies with time 
and/or speed varies with time, but either or both 
change value at regular intervals, the motor size 
required can be calculated by the root-mean-square 
method. In this method the power in horsepower 
for each load condition and speed condition is de- 
termined either by measurement, as outlined, or 
by other mathematical approaches. These horse- 
power values are then squared and multiplied by 
the time duration for a given torque and speed con- 
dition. These values are then used in 








p=y¥ P;? ty + Po? te + P32 tz + . . + P,* t, 
- t, + tet tat... +h 


to determine the root-mean-square output power 
requirement of the motor. Thus, motor size suf- 
ficient to operate a load on a given duty cycle 
may be smaller than required to operate continu- 
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packaging machinery, 


pumps, conveyors, paper 


mills, etc. 









ously at a given load and speed. 

Of course, at low speeds motor heating becomes 
a problem and the use of the root-mean-square 
formula would have to presume sufficient motor 
cooling. Otherwise, the motor would have to be de- 
rated accordingly. 


Acceleration Factors: Motor starting torque may 
range from 10 per cent to as high as 350 per cent 
of full load torque, depending on starting require- 
ments of the load and starting limitations of a par- 
ticular motor or a complete drive. Starting torque 
limitations depend on a number of factors, such as 
motor type, frequency of starting, ambient and 
motor temperature, lubrication, characteristics of 
the power input, etc. 

Frequency of starting appreciably affects motor 
size, particularly if a machine has a high moment 
of inertia (Wr,?). The large inrush of current at 
start, coupled with frequent starting, tends to cause 
a motor to overheat unless the motor is of suffi- 
cient size to dissipate the added heat created by 
such service. 

Naturally, starting torque supplied to a machine 
is usually higher than at points between starting 
and any desired speed. Of course, the higher the 
starting torque, the more rapid the acceleration. 
An approximation of torque that is required to 
accelerate a rotating mass from rest to any par- 
ticular speed is given by 


_ (48) Wr,? 
~  - 30st 


Usually, if the acceleration time is greater than 








EXTRA COPIES 


Extra copies of “‘Adjustable-Speed Elec- 
tric-Motor Drives,”” bound as a complete 
pamphlet, may be obtained for $1.00 
each from:- Reader Service Dept., Ma- 
chine Design, Penton Bldg., Cleveland 
13, O. 
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will affect motor heating. 


( 
\ 
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This article has dealt in some detail with only 
one general means of obtaining adjustable speed 
in design. Concerned exclusively with speed con- 
trol of electric motors, it has not covered a number 
of methods that might be considered electric ad- 
justable speed drives in the broad sense. 

For example, electric slip couplings—eddy-cur- 
rent, magnetic-particle, and hysteresis devices—are 
well established and growing in their proved ap- 
plication to adjustable-speed service. 
equalling the great array of electric 
drives discussed in this article are adjustable-speed 
in mechanical 
forms with their host of control techniques. 


Moreover, 


drive methods 


20 seconds, special starters, speed controls, and 
motors are required to prevent overheating. 
The flywheel effect or inertia of rotating ele- 
ments of motor and its driven machine will ap- 
preciably affect acceleration time. 


A formula for determining available horsepower 


lengtheof time is giv 












be incorporated in 


This, in turn, 
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evident or readily 


a potent aid. 
MACHINE DESIGN, 
comprehensive articl 


lish basic guides in 
form, they will be 
drives in design. 


and fluid-power 





required to accelerate a given motor and its driven 


~ 1,617(10)¢ t 


Where motors are applied in a rather regular 
duty cycle and acceleration power is a significant 
factor, the above acceleration power formula may 


formula on the preceding page. This acceleration 
power becomes more and more important as motor 
and load moments of inertia increase. 


Selecting or designing the best drive for ad- 
justable-speed service may often be an easy mat- 
ter—matching obvious requirements with the self- 


in new design situations and in the constant up- 


grading of machine performance, knowledge of 
all basic methods and their control possibilities is 


adjustment, will continue in future months to pub- 





a particular speed in a given 
en in. 
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the root-mean-square power 

















recognized solution. However, 









through a series of equally 
es on all other means of speed 







this design area. In composite 
a manual on adjustable-speed 
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How to find the optimum 
clearance by taking into 
account the variation in 
viscosity that occurs 
with heat generation in 
the slip passages of posi- 













tive-displacement units 
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Fig. 1—Idealized slip passage showing flow components 
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ESIGN of clearances in _ positive-displace- 
ment pumps and motors has been discussed 
in earlier publications.1 Elementary theory 

used in the design procedure was based upon the 
assumption that viscosity of the liquid is a con- 
stant. This led to the prediction of an optimum 
clearance for a given set of operating conditions 
and was also the basis for the suggestion that 
pumping of extremely viscous liquids? could be ac- 
complished with pumps having very large clear- 
ances and developing high efficiencies. 

It was shown that the efficiency of a pump or 
motor was controlled almost exclusively by the 
clearances. This was a point of considerable signifi- 
cance that led to the development of a completely 
hew concept of performance analysis and inter- 
pretation. However, these developments have not 
received wide acceptance and this may be traced, 
at least in part, to the fact that the elementary 
theory was based on an assumption that could not 
be true in practice. It is clearly recognized that 


*References are tabulated at end of article. 
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there is heating of the liquid in the clearance pas- 
sages, and a consequent decrease in the viscosity 
which must necessarily affect performance. A qual- 
itative evaluation of this effect was made in a pre- 
vious publication of the author.* However, no 
quantitative analysis of the effect of the internal 
heating has been set forth. 

There have been obtained various experimental 
results that could not be explained by the ele- 
mentary theory, particularly some that showed a 
periodicity in the relationship between the slip 
flow and the pressure or the speed of rotation of the 
pump. In addition, slip flow always exceeded that 
predicted by the theory, thus resulting in a lack 
of confidence in the theory on the part of designers. 

In a theoretical analysis* the author included the 
effect of temperature rise and consequent varia- 
tion in viscosity and predicted the nature of the 
flow in a slip passage through the walls of which 
no heat flowed. The present exposition is concerned 
with the application of this theory to the design of 
clearances. 








Constant Viscosity Theory: For ready reference 
the equations for the constant viscosity theory are 
reviewed and presented here. 

In Fig. 1 is shown an idealized slip passage which 
has width b, length L, and depth h. Viscosity of 
the liquid is », velocity of the moving boundary is 
V, and difference in pressure between the ends in 
the length direction is Ap. 

The flow shown in the diagram, as the sum of 
the shear flow to the right and the pressure flow 
to the left giving a net flow to the left, corresponds 
to one of three possible cases. The second one would 
be with the shear flow and the pressure flow as in- 
dicated in Fig. 1 and the net flow to the right, and 


Constant 
viscosity ~ 


Fig. 2—Plot of Equation 5, where y is a 

function of the pressure difference and the 

characteristics of the liquid and « is a func- 
tion of the slip passage and the flow 


instabil 


Solid lines describe 
flow with variable viscosity 


the third case would be with the shear flow ani 
the pressure flow both to the right resulting in a 
net flow to the right. 

The slip Q,, in the case of constant viscosity is 


(Ap) bh8 
124L 


(1 


The power loss P, due to the slip flow and the 
viscous drag on the plate is 
(Ap)2 bh3 pv2 


P, = i bL « (2) 
124L h 





The optimum clearance h,, corresponding to the 
minimum power loss is 


2uVL 
Noe = ——— ; ...(3) 
(Ap) 


In distinguishing the flow with constant viscos- 
ity from that with variable viscosity, the sub- 
scripts c and v, respectively, will be used. Accord- 
ingly, the subscript oc means optimum with con- 
stant viscosity; the subscript ov means optimum 
with variable viscosity. 


Variable Viscosity Theory: The theory includ- 
ing consideration of the generation of heat by vis- 
cous action and consequent decrease in the vis- 
cosity is based upon the assumption that all of 
the energy expended in viscous action is converted 
into heat and retained in the liquid. This viscosity 
is assumed to vary in accordance with 


n= w e*F (4) 


where ,» is the viscosity at the temperature T and 
B is a coefficient depending upon the physical char- 


Slip flow to 
the left in 
Fig-1 


Fig. 3 — Plots, anal:- 
us to Fig. 2, show- 
ing comparison of r- 
sults obtained wit» 
different approxima‘: 
equations 


computed from Equation 5 


Slip flow to 
the right in Fig. 
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acteristics of the liquid. The coefficient has the di- 
mensions 1/T. The quantity po is the viscosity at 
the temperature zero. 

The result of this theoretical development is 








3a (a — 1) , {1 m 
y=— => 0 = 
*i+3a- 
6 
“*+3c@—ny} io... 0 
a 
where 
__ (Ap) B J = Mechanical equivalent of 
¥ Jp C, heat 
20 C, = Specific heat of liquid 
a =r p = Density of liquid 
#41 = Viscosity at entrance to 
24,VL£B passage 
Jp C, h2 Q = Net flow 





The sign convention in Equation 5 is that the upper 
sign corresponds to net flow to the right and the 
lower sign net flow to the left when referred to the 
situation shown in Fig. 1. 

Equation 5 is represented in Fig. 2. It is quite 
apparent from the form of Equation 5 that a di- 
rect solution for the rate of slip flow is not obtain- 
able, but the plotting does give a physical picture 
of the situation. The flow described in the upper 
right-hand quadrant of the plotting between « = 0 
and « = 1.0 is particularly interesting since an in- 
Stability is indicated, with two rates of flow pos- 
sible for the same pressure difference in this region 
and a third rate possible as indicated in the upper 
left-hand quadrant. 

The form of Equation 5 is such that a direct so- 
lution for « or the rate of flow is not possible. Since 
such a solution would be desirable for use in fur- 
ther analysis, an approximate equation was set up 
on the assumption that « is large compared to 
unity, and this equation permits direct solution for 
the rate of flow Q. Approximately 


¥ log, [1 + 2.5 (a — 1) 6] (6) 
which when solved for the slip Q,,, yields 


Jp Ce wn 
ee 
108 mL 


The net flow and the slip flow are related by 


Vbh 
2 





Where Q, is the flow due to pressure only and is 
called the slip flow. 

Reference to Fig. 1 is made to establish this defi- 
nition of slip. It is common practice to consider that 
the delivery of a pump at zero pressure difference 
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is equal to the theoretical displacement multiplied 
by the rotational speed. The delivery, therefore, 
includes the quantity Vbh/2 of each slip passage 
and the slip is, therefore, the pressure flow through 
the slip passage only. 

These equations prove to be good approximations 
for large values of « and fair approximations for 
small values of ¢ as shown in Fig. 3. 

Equation 6 is useful in establishing an expression 
for the power loss associated with the slip passage 
of Fig. 1. The general power loss equation is simply 


P, = Q, (Ap) + FV ..... aia (9) 


where P,, is the power loss due to the flow through 
the slip passage, and F is the force that must be 
applied to the moving plate to maintain its motion. 

From these foregoing approximations the power 
loss can be written 


bh3 (e¥—1) V2 bL 
P, = (Ap)? + =f 


10 pw; L y 1.2h (e” — 1) 


(10) 








It should be noted that this equation is of the 
same general form as Equation 2 for the power 
loss with constant viscosity. If one considers all 
quantities constant except the clearance h, the 
optimum clearance h,, corresponding to minimum 
power loss for a given set of operating conditions 
is 








VL y 
Ror =¥ no (11) 
0.60 (e” — 1) (Ap) 
This value corresponds to a value of ¢ — 1 = 


+0.53. The relationship between the optimum 
clearance h,, with constant viscosity and the op- 
timum clearance h,,, with variable viscosity is 


j 


h 
o° 6 0.91 y an (12) 
Ras ef — ji 


This equation is later shown graphically (Fig. 8). 

The value of h,, corresponds to a value of 
a = 2/3. It is significant that the order of magni- 
tude of optimum clearance h, for both theories is 
comparable and that the flow in the slip passage 
would be in the unstable range. 

The predictions of the new theory with refer- 
ence to slip are of particular interest since slip 
flow has received a great deal of attention by the 
design engineer and undoubtedly will continue to 
be of concern to him. 

Accordingly, Fig. 3 has been prepared to show 
the relationship between slip flow with constant 
viscosity and slip flow with variable viscosity and 
all heat retained in the liquid. The slip flow for 
the condition of 6 = 1 for both slip flow to the 
left and slip flow to the right is shown. An interest- 
ing feature is the instability of the slip flow. At a 
value of y of approximately 0.6, the slip flow in- 
creases as indicated by the dotted line marked 
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“instability” with no increase in y, or as might be 
in a practical case, with no increase in pressure 
since y is directly proportional to pressure. It is 
also noteworthy that the slip for values of y great- 
er than one is many times that indicated for con- 
stant viscosity flow. This prediction of the new 
theory is in accordance with observation. 

For the purpose of illustrating the effect of the 
speed of the moving element, the clearance and the 
length of slip passage, plottings shown in Fig. 4, 
5 and 6 have been prepared. In each case, the solid 
line represents the slip flow Q, in gpm as a func- 
tion of the clearance, velocity of moving element or 
length of plate, as the case may be. These curves 
represent the situation as calculated from the ex- 
act theory using Equation 5. The slip passage 
itself and the conditions of the flow are described 
as follows: 


Velocity V = 20 fps 
Length of plate ...-L = 0.1 inches 
Viscosity ... #1, = 10,000 SSU 
Temperature coefficient B = 0.025 
Width of plate b = 1 inch 
Pressure differential Ap = 5400 psi 
Clearance h = 0.011 inches 


In the case of each variable, length, clearance 
or velocity, the variation of the slip flow as com- 
puted by Equation 5 is compared with the slip flow 
which would exist if the viscosity remained con- 
stant. This comparison is shown by means of the 
line composed of short dashes in Figs. 4, 5 and 6. 


Slip Flow, Q, (gpm) 





8 10 
Velocity, V (fps) 


Fig. 4—Above—Representative variation of slip 

(solid line). In this graph, and 
in Figs. 5 and 6, the short-dash line represents 
flow that would occur if viscosity re- 
mained constant. The long-dash line, asymptotic 
to the solid line, represents effects if the constant- 


flow with velocity 


the sli 


temperature situation is approached 


ance 
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Fig. 5—Right—Repre- 
sentative variation of 
slip flow with clear- 





This line passes through the design point described 
by the foregoing data with a velocity of 20 fps, the 
length of passage of 0.1-inch, and a clearance of 
0.011-inch. The second dash line made up of longer 
dashes is asymptotic to the solid line and repre- 
sents the limit of slip flow variation with the inde- 
pendent variable as the conditions change to make 
the flow approach the constant temperature sit- 
uation. 

In Fig. 4 the effect of the speed of the moving 
element (the moving plate of Fig. 1) is shown. In 
the case of a constant viscosity liquid, the slip 
would be unaffected by the speed of the moving 
element of the slip passage. However, real fluids 
are heated by the shearing forces; hence, an in- 
crease in slip with increasing speed is noted. 

In Fig. 5 the effect of clearance on slip is shown. 
With a constant-viscosity liquid, the slip would 
vary with the third power of the clearance but with 
a variable viscosity, influenced by internal heat 
generation, the variation is with something less 
than the third power. 

In Fig. 6 the effect of length of slip passage is 
indicated. With a constant viscosity the slip is in- 
versely proportional to the first power of length. 
In the case of the heated liquid with variable vis- 
cosity, the slip does not decrease so rapidly when 
the length is increased beyond about 0.02-inch 
and shows no appreciable decrease as the length is 
increased beyond 0.5-inch. 


Power Loss Evaluation: In order to design an 
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efficient pump or motor, each slip passage must 
contribute as little as possible to the energy losses 
of the device. However, the operating conditions 
for the pump or motor do not remain constant; 
hence, it is impossible to design a unit that will 
perform equally well over a wide range of operat- 
ing conditions. The best procedure is, therefore, 
to select a set of operating conditions, design to 
those, and then determine the effect of changes 
in these conditions on efficiency. 

In order to facilitate this analysis, Fig. 7 has 
been prepared. The ordinate is the ratio of the 
power loss P;, at any clearance h to the power loss 
Pimin at the clearance h,. Due to the generality of 
the equation for the power loss, this concept ap- 
plies for both variable and constant-viscosity 
theories. 

It is interesting to note certain facts shown in 
Fig. 7. For example, it has been general practice 
to use clearances smaller than are absolutely 
necessary. A justification for this is apparent. Con- 
sider the power loss for a clearance one-tenth of 
the optimum and also for a clearance ten times 
as large as the optimum. The smaller clearance 
causes a power loss 7.5 times the minimum, where- 
as the larger clearance results in a power loss 250 
times the minimum. Conservatism and good judg- 
ment dictate using the smaller clearance. A less 
radical but equally significant effect is noted if 
the clearance is either 1/3 or 3.0 times the opti- 
mum. In these situations, the power losses are 
respectively, 2.3 and 7.0 times the minimum. The 
use of larger clearances could result in total loss 
of effectiveness, but the smaller clearances within 
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reason and feasibility can do no worse than reduce 
efficiency to an undesirably low figure. 

The confirmation of the wisdom of small clear- 
ances by the new theory is significant. It also 
opens for consideration the concept of closely 
designed clearances when operating conditions do 
not vary widely or are subject to control. 


Value of Clearance Design: Since the effect of 
clearance on performance is well established, the 
importance of careful design is worthy of attention. 
This problem will be considered in the light of the 
following points: 

1. Effect of clearance on performance 

2. Relation of optimum to design clearance 

3. Difficulties in design and evaluation 

4. Special conditions requiring particular atten- 

tion of designer 


The effect of clearance on performance is most 
clearly shown in Fig. 7. Since the greatest efficiency 
is obtained when the power loss of each slip pas- 
sage is a minimum, the use of a clearance either 
larger or smaller than optimum for a given set of 
operating conditions will result in lower efficiency. 

The relationship between design clearance and 
optimum clearance is controlled by production 
problems, range of operating conditions, and im- 
portance of high efficiency. If the cost of se- 
curing accuracy in the magnitude of clearances 
is greater than can be justified, then efficiency 
must be left to vary from one pump to another. 
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If the range of operating conditions is wide, ef- 
ficiency must be sacrificed at the extremes. If 
operating conditions are unknown or not subject 
to control, good design would call for smaller than 
usual clearances to assure reasonable performance. 

If volumetric rather than overall efficiency is a 
major factor, as it is in fuel pumps, very small 
clearances are justified since, in this case, pump- 
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Fig. 7—Relationship 
of power loss to clear- 
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Fig. 8—Above—Clearance correction factor 


Fig. 9—Right—Relationship of temperature 
coefficient to viscosity 


ing costs are usually more directly related to 
volume delivered than to mechanical efficiency. 
Certain difficulties in design and the evalution of 
designs by test may be traced directly to the in- 
adequacy of the constant-viscosity theory. For 
example, the process of locating serious leaks in a 
pump was frequently hampered by the lack of a 
suitable means for calculating probable values of 
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slip flow. Anomalous situations connected with the 
relationship between slip and speed, pressure, 
viscosity, and clearance could not be understood 
and overdesign was the natural solution. 

More complete understanding of the mechanics 
of the flow in slip passages—concern with both 
slip flow and drag—cannot but assist in securing 
more satisfactory designs. It is to be hoped that 
evaluation of designs by calculation and later by 
test of models can be put on a rational basis 
through the use of the methods outlined here. 

However, there remains one field of design, which 
was analyzed earlier? by the constant-viscosity 
method, that has received little attention by pro- 
ducers of pumps. This field is that of the pump- 
ing of extremely viscous liquids. The concept 
of the use of large clearances is still valid. It is, 
of course, true that a pump designed for high- 
viscosity liquids is absolutely useless for low-vis- 


Fig. 10—Parameter y in terms of pres- 
sure drop and temperature coefficient 
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cosity service. It is apparent that proper de- 
sign of a positive-displacement pump for high- 
viscosity service could result in a 20 to 40 per cent 
reduction in pump operating costs. 


Sample Design Calculation: In order to facilitate 
design calculations, Figs. 8 to 11 are included. A 
sample problem is worked out here illustrating 
the use of these charts. One should note care- 
fully that the design charts have been prepared 
for the convenience of the engineer in making 
his calculations and are not based upon dimension- 
less quantities. It is necessary, therefore, to use 
extreme care in the use of the charts, being certain 
at all times that the various quantities are ex- 
pressed in the proper units. Moreover, in these 
charts the specific heat C, is assumed to be 0.5 
btu per lb per degree F and the density of the liq- 
uid 50 lb per cu ft. 

For a gear pump consider the determination of 
the clearance between the tip of a gear and the 
housing under the following circumstances: 


Radius to gear tooth tip ..1.5 inches 
Thickness of tooth at tip 0.08 inch 
Rotational speed . ..1800 rpm 
Pressure differential ; ..2000 psi 
Number of gear teeth sealing at one time 4 
Kinematic viscosity of liquid at 70 F........250 SSU 
at 170 F.........25 SSU 

70 F 


Operating temperature .......... 


In Fig. 9 the value of the exponent £ is given as 
a function of viscosity and temperature. The ratio 
of viscosities for a 100 F difference in temperature 
is 






vm, 250 


= 10 





Vb 25 






Reference to the chart indicates that the cor- 
responding value of 8 is 0.023. 

Now, since four gear teeth seal at any time, the 
pressure drop across each tooth is 500 psi. Ref- 
erence to Fig. 10 shows that the appropriate value 
of the parameter y is 0.085. 

The quantities VZ and »/Ap expressed in ft-in./ 
sec and SSU/psi are required for the use of Fig. 
11. They are found thus: 








1800 1.5 
L= (27) | —— } (0.08) = 1.88 ft-in./sec 
60 12 
v 250 
os = 0.5 SSU/psi 
(Ap) 500 


From Fig. 11, using the two values, one obtains 
the value of the clearance in inches for constant 
viscosity flow, 7.1 x 10-* inches. This must be 
corrected to take into consideration the effect of 
viscosity change with heating. The correction 
factor is obtained from Fig. 8. For a value of y = 
0.085 the ratio of clearance with viscosity change 
to clearance with constant viscosity is 0.89, an al- 
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most negligible correction calling for a clearance of 
0.89 (7.1 x 10-*) or 6.3 x10 inches. 

Now let us consider the design of the same gear 
tooth tip clearance when liquid with the following 
characteristics is being pumped: 


Viscosity at 70 F 10000 SSU 
Viscosity at 170 F 500 SSU 
Operating temperature 70 F 


Reference to Fig. 9 indicates a value of @ equal 
to 0.0295. From Fig. 10 the quantity y is found 
to be 0.109. 

The quantity VZ is as before 1.88 ft-in./sec 
but the factor »/Ap SSU/psi is now 20. Using 
these two numbers in connection with Fig. 11, the 
clearance with constant viscosity is found to be 
0.0047-inch. The correction factor from Fig. 8 is 
0.89, which when multiplied by the clearance 
0.0047-inch, yields a figure of 0.0042-inch. 

The limitations of the design charts must be 
kept in mind. They will give approximate results 
only, since the assumptions underlying the theory 
are at best fair approximations. However, the 
discussion of Fig. 7, showing the effect of clearance 
on efficiency, indicates that one has considerable 
latitude in the selection of the magnitude. For ex- 
ample, the clearance of 0.0042-inch calculated 
above or the previous value of 6.3 x 10-* inch 
could vary by a factor of two in either direction 
without seriously affecting the performance. 
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Fig. 11 — Optimum clearance in terms of 
viscosity, pressure drop, velocity, and length 
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Conclusion: The discussion of the phenomenon 
of heating of a liquid in pump or motor and the 
resulting effect on performance illustrates both 
qualitatively and quantitatively the conditions to be 
expected. The sample design calculations show 
the relative simplicity of the procedure when aided 
by the plottings given herewith. The suggestions 
concerning the possibility of the use of large 
clearances when pumping liquids of high viscosity 
might well prove of practical value in the pumping 
of large quantities of extremely viscous liquids. 
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“The day has passed when we can defend our 
country with our hands and bodies. We all recog- 
nize that in the future we must rely increasingly 
on our brains. This brain power must come large- 
ly from the industrial fabric of the country because 
there is no other way in which we can keep it ac- 
tively and gainfully employed in peacetime—s° 
that it will be ready to serve in war if necessary.” 
—Hon. ROBERT LEBARON, assistant to the Secre- 
tary of Defense. 
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INEMATIC design of a mechanism means 
K constructing a mechanism to transform an 

available motion (input) into a desired mo- 
tion (output) according to a specified manner. 
The problem statement must include information 
on the kind of input motion available—such as a 
rotation, which would be derived from a shaft—and 
must also give similar knowledge of the desired 
output end of the mechanism. The relation be- 
tween input and output displacements must be 
given. To avoid ambiguities, the directions and 
points from which angular and linear displace- 
ments are measured must be indicated. 

Certain mechanical features involving the spac- 
ing of the input and output parts must also be 
known—whether the shafts (if they are shafts) 
are to be parallel or whether they intersect, and if 
so at what angle—at any rate certain controlling 
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dimensions or features will have to be specified. 

When these features are known, and the mecha- 
nism has been studied to see during what portion 
of a cycle it is to be locked (if locking is re- 
quired) and during what portion it is to be pro- 
ducing motion, each part-cycle operation can be 
compared with the known symbolic equations (and 
their implied functional relations) of the syn- 
thesized three- and four-pair mechanisms given 
in the Catalog which appeared in the previous 
article. From this Catalog the pertinent mecha- 
nisms are picked, and further study of each part- 
cycle operation will show not only the kinds of 
pair-variables that must be involved, but also their 
limits of operative use, i.e., their range of varia- 
tion. This means a specification of when (or 
where) an element pair opens if a lock-unlock 
operation must occur, or if an intermittent drive 
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is needed. After each part-cycle symbolic equation 
has been established with its proper parameters 
and pair-variables, the array of equations for the 
complete cycle is set down in tabular form. 

The parts of the mechanism are established from 
examination of the sequences of successive pairs. 
After all sequences have been considered, and thus 
all parts made known, the parts are assembled by 
bringing the pair elements into contact. 


Example of Kinematic Design: Remainder of this 
article will comprise the statement and solution of 
a specific problem: to design a mechanism having 
the following properties: 


1. Input is a shaft whose rotation is measured 
by @, 

2. Output is a shaft whose rotation is measured 
by @, 

. Shafts are parallel, distance a apart 

. Value of @, for each value of @, is specified 
by the curve in Fig. 8. The curve has no dis- 
continuity : 

. The two shafts are to turn in opposite direc- 
tions, as in Fig. 9 

. The output shaft is to be not only stationary 
but also locked during the straight portions of 
the curve of Fig. 8. 


The specifications indicate that for continuous 

















input Rotation, @,,0e9 





-~90 .-180 -270 -360 
Gutput Rotation, 8,, Deg 




















° 


rotation of the input shaft the output shaft is 
locked for the intervals OA, BC, DE and FG, 
whereas the output shaft is being driven for the 
intervals AB, CD, EF, and GH. At H the cycle 
is completed. (A cycle of motion is defined as that 
interval during which all parts of a mechanism 
have performed one complete series of events, and 
are thus back at their initial positions.) The cycle 
is composed of two different phenomena—lock and 
drive—and it is therefore assumed that each will 
require a different mechanism. 


Symbolic Equations for the Drive Intervals: The 
fact that the input part and output part are each 
a shaft requires at least one revolute for each 
shaft. In addition both shafts are carried in the 
same frame, are parallel and a distance a apart. 
This means that an element of each revolute is in 
the common frame, and hence the revolutes must 
occur in sequence as, for example, 

a, 


0 
R, Ravi 
On 
0 
Inspection of the Catalog for movable mecha- 
nisms in which such a sequence occurs discloses 
only three that meet the restrictions, namely, 


; if : (Qa of. output 
| a Axis of input sh 
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items 14, 15 and 17, whose equations are: 

















ay a2 | a3 | Qs | 
0 0 | 0 0 | 
R, Re R, | R, =3 (1) 
1 | 62 63 | 4 
| 
| O | O 0 | 0 | 
0 | a2 a3 a4 
90 90 0 0 
R, P2 R3 R,4 =i (2) 
61 0 03 64 
0 | 8 | 0 0 
0 | a2 a3 0 | 
| 
ay 90 0 90 
Py P2 Rs R, = 3 (3) 
| 
| 84 | & | | O | 0 | 














Equation 1 shows four sequences, Equation 2 
shows two sequences, and Equation 3 only one. 
There is only one parameter a available, however, 
which might be assigned to a, of Equations 1 and 
2 and a, of Equation 3. One of the associated 
revolutes then represents the input shaft, and 
the other the output shaft. Procedure will be to 
investigate the simpler cases, Equations 2 and 3, 
with the hope that they can meet the specifica- 
tions. If not, Equation 1, whose additional param- 
eter might be useful, will be investigated. 

A specification is that the curve must have no 
discontinuities at A and B, ie., d6,/dé; = 0 at 
these points. At A, 6; = 270 degrees, 6, = 0 de- 
grees; at B, 6; = 360 degrees, 6, = —90 degrees. 
Likewise, no discontinuities are to exist at C, D, 
etc., described by intervals of 360 degrees in @;. 
Examination of the functional relations of Equa- 
tion 3 (see Catalog, item 17) shows that 6, = 
—- @ — 63, which is a linear relation giving no 
zero derivative. Since @; is linearly related to 6, 
and @, is also linearly related to 6,, the necessary 
zero derivative is absent; hence Equation 3 is out. 

For Equation 2 the functional relations (see 
Catalog, item 15) are 





G2 + G3 COS 63 
and 
ay 
6, + 63 + 64 = 180° 


6, = cos} [ 


Inasmuch as a zero derivative between @, and 
; must occur at points A and B (90-degree interval 
in both @, and 6,), it is necessary to find two angles 
4 of the Equation 2 mechanism that also possess 
this property. Such a relation exists between 6, 
and @,. From the Catalog, item 15, 








dé4 = a4 sin 61 1 
de, V a3? — (@2 — a4 COs 63)? 


The derivative d6,/dé, is zero when its inverse 
d§,/d6; is infinite. This is true when 

a@32 — (do — a4 Cos 61)2 = Oor 
G2 + az 


6, = cos"! 
a4 


Two values of 6, meet this condition; R, is as- 
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sociated with the output shaft and R, with the 
input shaft. 

At this time three parameters a2, a, and a, have 
appeared. The parameter a, was used to meet the 
shaft distance specification. A second specifica- 
tion was given by requiring a zero derivative at 
specific points. Had there been a third specification 
on the curve, then a, would have been the param- 
eter needed to meet that. Had there been a 
fourth specification, then a four-parameter mech- 
anism like Equation 1 would have had to be em- 
ployed. Since there are three parameters but only 
two specifications, one parameter is of arbitrary 
value; it can be set equal to zero for simplicity. 








With a, = 0, the mechanism becomes 
| 0 | | as 0 | a 
| 90 | 90 0 | 0 
R, P2 Rs R4, = 3 
0; 0 03 04 
| | 
0} | & 0 | 0 | 





It will be noted that R,; and R, are concentric 
revolutes. This special situation was discussed 
under Criterion of Movability in the previous ar- 
ticle, where it was shown that two concentric 
revolutes are equivalent to a single revolute having 
the same axis. The Catalog shows that the re- 
sulting mechanism is immovable and hence can- 
not be used for a drive. However, if a. = 9, 
then the resulting mechanism is still movable, i.e., 
capable of performing as a drive mechanism. Hence 
dé,/dé, = 0 for 6, = cos? (+ a;/a,). These two 
values have to be at a 90 degree interval; this will 
be realized if ag = a,/\/2, then d6,/d@é, = 0 for 
6, = cos! (+ 1/\/2) = 45 degrees and 135 de- 
grees. For both values of zero derivative (dead 
points) the mechanism is shown on Fig. 10. 

It is now necessary to establish the relations be- 
tween 6; and 6, and between @, and @,. From the 
Catalog, it is possible to derive the relation 


64 = cos) Soa v2 COS 63] — 41 
which makes it possible to deduce the values of 6, 
for the positions A and B. Those values together 


with the corresponding values of 6;, 6; and @, are 
shown in the following table: 


0; 04 % 64 
A 270 135 0 45 
B 360 —135 —90 135 
From this table the following two relations are 
found: 6, = 6; —135 degrees, and 6, = —@, + 45 
degrees. 


The curve specifies that for 0 < 6; < 270 the 
value of 6, remains zero (no drive) and that for 
270 < & < 360 the value 6, goes from 0 to —90 
degrees (drive). At 6; = 360 degrees (point B) 
the no-drive condition starts again, etc. In other 
words, the driving mechanism must be open (no 
drive) over the interval 0 < 6, < 270 and closed 
(drive) for 270 < 6, < 360. The mechanism must 
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open again at 6, = 360 degrees (point B). 

Since the mechanism has to be closed and open 
for certain discrete intervals, it means that one of 
its pairs has to be open periodically, i.e., its ele- 
ments taken out of contact with each other. Obvi- 
ously, the revolutes R, and R, connecting the input 
and output shafts to the frame should remain com- 
plete; thus a decision must be reached as to whether 
R; or P, is to be opened. From a practical stand- 
point an incomplete revolute is perhaps more dif- 
ficult to fashion than an incomplete prism, for an 
open prism results on separating slider and guide. 

Referring to the Catalog, and substituting a,—a 
and a; = a/\/2, we have s. = \/(a?/2) — acos?6, 
+ asin 6,. When 6, = 270 degrees then 6, = 45 
degrees whence s, = a/\/2. When 6; = 360 de- 
grees then #, = 135 degrees whence s, = a/\/2. 
Since the mechanism is to remain closed for the 
interval 270 < 6, < 360, the prism elements will 
be in contact as long as 8s. < a/\/2, and will be 
separated when s. => a/\/2 (open mechanism). 

It is now possible to write the symbolic equa- 
tion in which all of the parameters have been 
evaluated: 


| 0 


It is true when s. < a/\/2. This equation defines 
that part of the complete mechanism that will 
operate (drive) over the interval AB. During this 
interval it will maintain the originally specified re- 
lation between 6; and 6,. The pair-variables s, and 
6, will also have definite values for all values of 
6;,, but they are of no direct interest. 

For the intervals CD, EF, and GH, similar sym- 
bolic equations apply. They are obtained by replac- 
ing 6, by @, —90, 6, —180 and 6, —270. 


It has been seen that two revolutes must appear 
in a sequence such as 


An 


0 
Ry 


On 


0 


As with the driving mechanism, these revolutes 
connect the input and output shafts to the frame 
and consequently have the same axes as the former 
R, and R,. 

A search of the Catalog for locked mechanisms 
in which such a sequence occurs discloses only one: 


| 


a 
0 


The parameter a is directly known since it was a 
specification. This mechanism must be closed 
(locked) in the interval OA and open (unlocked) 
in the interval AB.. To obtain this effect, one of 
the pairs has to be incomplete. Inasmuch as R,’ 
and R,’ connect the input and the output shafts 
to the frame they must remain complete: thus RF,’ 
must be the pair of opening or disconnection. 

One way of constructing the incomplete revolute 
R.’ (which is coaxial with R,’ of the input shaft) 
is shown in Fig. lla. The axes 2’, x,’ and 2,’ are 
placed according to the convention. The functional 
relations from the Catalog become 6.’ + 63’ = 180 
degrees and 6, = 180 degrees. The angles ¢ 
and y shown in Fig. 11 define the angular limits of 
the revolute element R,’+. As shown in Fig. 11a 
and b, the mechanism will be locked if 180 — y 
< 6.° < 180 + @. The value of the angle 7 is 
seen to be unimportant. 

Since the revolutes R,’ and R,’ are coaxial, the 
origin of 6,’ is arbitrary and its value with respect 
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mechanism, or 6; = 6, —135. From the functional 
properties of the mechanism it is known that 
6,’ = 180 degrees; and since @, is held to zero dur- 
ing the action period of the mechanism, 6, = 6,’ 
—180 or 6, = 6, + 180. 
This mechanism is to be closed over the interval 
0 < & < 270 and open for 270 < 6, < 360. From 
the functional relations, 6, = 180 — 6,’ and 6,’ = 
6; — 135, from which 6, = 315 — 6; When 
6, = 0, 6o’ = 315; for 6 = 270, 6.’ = 45; this 
then is the interval during which the elements 
of R,’ are in contact and the mechanism is closed. 
Now the complete symbolic equation is: 
a 
. | 
R, =1 
6,+180 0;—135 
r | 

which is true when 45 < 6,’ < 315. Comparing this 
with the inequality deduced from Fig. 11, y = 135 
and ¢ = 135. The foregoing symbolic equation 
defines the mechanism that will operate as a lock 
(no possible rotation of the output shaft) during 
the interval OA. 
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SYSTEMATIC MECHANISM DESIGN 


For the intervals BC, DE, and FG similar sym- 
bolic equations apply; they are obtained by re- 
placing 6, by 6, — 90, 6, — 180 and @, — 270. 


Block Diagram Interpretation: In Fig. 12 the 
symbolic equations are written opposite the inter- 
vals to which they apply. Each of the eight equa- 
tions was derived from a mechanism which ap- 
peared in the Catalog; there are then eight syn- 
thesized mechanisms composing the whole mech- 
anism. By reason of common elements, portions 
of several of the synthesized mechanisms can be 
combined on a single piece of metal. 

It has been seen that a closed mechanism may 
be represented by either a symbolic equation or a 
block diagram of the type of Fig. 7 in the previous 
article. The eight block diagrams that are equiva- 
lent to the array of eight symbolic equations de- 
scribing the complete mechanism are shown in 
Fig. 13; the mechanisms have been grouped as 
drive mechanisms and locking mechanisms. This 
grouping shows directly the existence of similar 
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elements in the various machine parts. On a given 
machine part the assignment of the positive or 
negative elements is arbitrary, for the positive and 
negative elements may be interchanged. It is ob- 
served that the blocks representing ‘each machine 
part on the diagram, Fig. 13, form four columns. 

All the blocks of the first column contain the 
pair element R,*. The position of R,* is de- 
scribed with respect to R,* in the first four blocks, 
and with respect to R.’* in the last four blocks. 
The pair elements R,*, R.’* and R,* therefore lie on 
the same machine part, represented in Fig. 14 by 
the Block 1. 

All the blocks of the second column contain the 
pair elements R, and R,;. These two pair ele- 
ments therefore lie on the same machine part, 
represented in Fig. 14 by Block 2. 

All the blocks of the third column contain the 
pair elements R,*, with respect to which the posi- 
tions of four prism-elements P,- and four revolute- 


elements R,’- are described. All these pair ele- 
ments therefore lie on the same machine part, rep- 
resented in Fig. 14 by Block 3. 

All the blocks of the fourth column contain P,. 
and R,. These two pair elements therefore lie 
on the same machine part represented in Fig. 14 
by Block 4. 

Each of the Blocks of Fig. 14 now represents 
one machine part of the complete mechanism. It 
must be emphasized that the complete mechanism 
is always in a state of closure: when the lock mech- 
anisms are open, one of the drive mechanisms is 
closed; and when the drive mechanisms are open, 
one of the lock mechanisms is closed. In Fig. 14 
the solid line fg shows the lock mechanism for FG 
as closed; all the other mechanisms are open, but 
their potentials of closure are shown by broken 
lines. 

This Fig. 14 is the ultimate that the indirect 
synthesis can give. All necessary pairs have been 
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defined in terms of their axes and pair-variables. 
The details of the construction of the pairs are 
not given by this indirect synthesis; for example, 
this indirect synthesis cannot tell the bearing form 
that a revolute might take, as a journal, ball, roller, 
pivot bearing. Neither are the diameters or other 
bearing dimensions indicated. Similarly, construc- 
tional details for the prisms are subject to the in- 
dividual designer’s choice. 


Machine Part Design: The problem is now to 
interpret each of the Blocks as a machine part. 
The actual form of the part might be realized in 
different ways; the forms shown in the following 
represent only one way. 

Block 1, Fig. 15. First, at the upper left corner 














SYSTEMATIC MECHANISM DESIGN 


of the diagram, Fig. 15a, is R3*, located by its 
axis z;. Further, R,* is shown related to R,* by 
the perpendicular distance a/\/2, Fig. 15b. Now the 
2,-axis and its revolute can be located. The axial 
distance between R,* and R,’+ is seen to be zero, 
ie., R,* and R,’+ are coaxial. As shown by the 
broken line between R.’~ of Block 3 (Fig. 14) and 
R,’*, the revolute element R,’* is incomplete. The 
angular limits of the incomplete revolute element 
R,’* are established by y = 135 degrees and ¢ = 
135 degrees, as shown on Fig. 11. The actual me- 
chanical equivalent of Block 1 is shown in Fig. 15b. 

Block 2, Fig. 16. The diagram, Fig. 16a, indi- 
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cates two negative revolute elements a distance a 
apart. This part is the frame, Fig. 16b, since these 
negative elements provide for the support of the 
input and output shafts. 

Block 3, Fig. 17. A first inspection of the dia- 
gram, Fig. 17a, shows that this block is connected 
to Block 2 by the revolute element R,*, that it car- 
ries four incomplete prism elements P,-, and also 
four incomplete revolute elements R,’-. The z-axes 
of the prism elements are at 90 degrees to those 
of all the revolutes. The shape of this block is 
established in detail by considering the meaning of 
each of the parameters. 

The revolute element R,* has a co-ordinate sys- 
tem 2,*y,*2,* as shown in Fig. 17b. The block 
diagram data are interpreted on the basis of this 
co-ordinate system. 

The element P,- for ab is related to the pair R, 
by the four parameters a = 0, a = 90 degrees, 
4" 6, 45 degrees, s = 0. Since a =O and 

0, the z-axis of P.- (ab) goes through the 


origin of the system 2,*y,*z,*, Fig. 17c. With « = 
90 degrees, this 2.-axis is perpendicular to the axis 
z*,, and hence lies in the plane x,*y,*. The %2-axis 
of P,-(ab), which by definition is perpendicular 
to 2, and 2, then also lies in the plane 2,*y,*, with 
6 = 6 + 45 degrees. This 2,.-axis is at +45 de- 
grees to the x,*-axis. The 2,-axis is therefore at 
+45 +90 = +135 degrees from the 2,*-axis in 
the x,*y,*-plane. 

The element P,-(cd) is related to the pair R, 
in a manner similar to the foregoing. Its 2-axis 
lies in the 2,*y,*-plane at —45 degrees to the 
x,*-axis; this locates the 2,-axis at —45 +90 - 
45 degrees. The 2.-axes of the remaining two P,- 
elements are located at —45 and —135 degrees 
from the 2,*-axis. 

On the element R,’-(0a), Fig. 17d, it is found 
that a = 0,a = 0,6 = 6, + 180 degrees ands = 0. 
Since a = 0, the 2’,-axis of R’.(0a) is parallel to 
2,+; with s = 0, the axis 2x’, of R,” lies in the plane 
x“,*y,*, and with 6 = 6, + 180 degrees, x,’ makes 
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an angle of 180 degrees with x,. The origin of 
the pair element R,’(oa) is on this x,’-axis at a 
distance a from the origin of R,. 

The element R,’-(bc) is related to the pair R, 
in a manner similar to the foregoing. Its z.’-axis 
is parallel to z,, its x,’-axis lies in the plane 2,*y;'*, 
and makes an angle of 90 degrees with x,*. The 
origin of the pair R.’-(bc) is on this 2%.’-axis at 
the distance a from the origin of R,;. The origins 
of the remaining two R,’- elements are located at 
distances a from the origin of R, and at 90-degree 
intervals. 

The axes of all the pair elements have now been 
established, Fig. 17e. The actual dimensions of the 
pair elements are not defined by kinematics; they 
depend upon other factors including practical ex- 
pediency, strength, wear resistance, etc. One way 
of making the part is shown in Fig. 17f, where the 
slots represent the negative prism elements, with 
h- being the distance from the origin of R, to the 
slot-end where disconnection takes place. The cut- 
out corners represent the incomplete revolute ele- 
ments R,’-. Their radius is equal to the radius of 
R.’* shown in Fig. 15. 

Block 4, Fig. 18. The diagram indicates an in- 
complete prism element P,* and a revolute element 
R,;, related by the parameters a = 0, a = 90 de- 
grees, 0 = 0 and s = 8». Of these, s, is the pair- 


variable of the prism which, since ¢ = 90 degrees, 
is at right angles to the revolute. 
The revolute element R,- fits the R,* element of 





Fig. 18—Block 4 4 | 5 aia 
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SYSTEMATIC MECHANISM DESIGN 


Block 1, Fig. 15b, and the prism element P,* must 
fit the P,- elements of Fig. 17f. The distance be- 
tween the origin of the revolute R, and the end of 
the prism element where disconnection takes place 
is ht. Between h*+ and h- (defined previously) there 


is the relation h+t + h- = a/\/2, which reflects the 
fact that the pair P, is disconnected when 8s, > 
a/\/2. Now that all the parts of the mechanism 
are known, they may be assembled as shown in 
Fig. 19. 

It should be noted that a practical difficulty 
would exist in lining up the P,* element for inser- 
tion into the P,- elements. This difficulty may 
be avoided by substituting a higher pair for the 
prism-revolute combination in the manner shown 
in Fig. 3. The higher pair, formed in part from 
a circular pin, will have the same “axis” as R3. 
Since engagement is made when the axis of the pin 
is just at the end of the slot, it is seen that h*+ = 0, 
giving h- = a/\/2. The mechanism resulting from 
this modification is shown in Fig. 20. 

The mechanism of Fig. 20 is well known to 
horologists, motion picture equipment designers, 
and machine tool designers as one form of the 
Geneva Stop. In the literature of Continental Eu- 
rope this particular form is called the Maltese Cross. 
The intermittent motion feature is used in some 
clocks, for film drives, and tool or work-piece posi- 
tioning. 











PRESELECTION of 42 spindle 

speeds from 16 to 1800 rpm 
and feeds from \, to 80 inches 
per minute; electrohydraulic and 
electromagnetic controls, and 
electro-optical indication of se- 
lected speeds and feeds are 
among the features of a vertical 
milling machine produced by 
Fritz Werner Aktiengesellschaft 
of Berlin and sold in this coun- 
try by Marac Machinery Corp. 
Powered by a 40-horsepower 
motor, the machine weighs ap- 
proximately 25,000 pounds and 
measures approximately 10 by 8 
by 10 feet high. 


Feed drive gear is a cylindrical 
gear box which fits into a bored 
housing in the knee. Fifty speeds 
in both directions for longitud- 
inal, vertical or transverse feeds 
are available. Eleven electromag- 
netic clutches which are integral 
parts of the gear box are used 
to vary the gear combinations. 


Milling Machine Drive Combines 


Required feeds can be preselected by setting a large dial on the front of the ma- 
chine while running. Actual switching and shifting is performed when a button 


is pushed by the operator. 
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CONTEMPORARY DESIGN 
Preselection and Versatility 


Feed preselector system uses 
cams on the selector shaft to act- 


uate appropriate switches to act- — Ov oc pipes eal 4 aes: 


agp agr od pew eleven brig : és , : Com (one of @igha) : 
in the ee rive gear or eac ‘ ; ss Feed preselector 
speed. Diagram shows circuitry 
Feed al . a o- ie ‘i. 
14 %2 2 
: > By : Transmitter 
7 Time relay 











to engage one of these clutches. 
The cam shown is cut to com- ae 
plete one connection or the other 
of a single-pole, double-throw 
switch, or to make no connection Light 
depending upon speed setting of ¢ 0 eas 
the selector dial. Two clutches 

are thus controlled. Assuming “tT — Receiver 

that the cam in the diagram has . Engraved figures 
operated the switch to complete 

the circuit through contact 1 the 

operation is as follows: As the 

feed-change push _ button is 

pressed, relay 77 is energized. Clutch £ 

This opens contacts of all eleven ; 

clutch relays. When the button 


is released, relay 80 is energized 
and held by the holding contact shown in parallel clutches to be actuated for the desired feed com- 


with the switch. Other contacts open the line of binations are selected and switched in a similar 
relay 81 and any other clutch relay lines which manner. Clutches are actuated by a _ separate 
should be kept off while this relay is on. Other 24 volt de supply. 
































Optical indication of selected milling 
spindle direction, selected milling spindle 
speed (not preselected speed), preselect- 
ed main feed direction, selected feed rate 
(not preselected feed) and the knee posi- 
tion with regard to the fall and rise 
device is provided by an electro-optical 
indicator in the side of the column. Pre- 
selected main feed direction is indicated 
by a double arrow; when feed is engaged 
only half of the arrow remains illum- 
inated showing the feed direction. Each 
optical indicator consists of a circular 
glass disk mounted on the shaft of a 
servo receiver motor. In the case of the 
feed indicator fifty feeds are engraved 
near the edge of the disk. An optical 
projection system projects the selected 
feed onto a screen of glass rods or beads. 
Servo transmitter is connected to the se- 
lector shaft. A kilowatt meter next to 
the optical indicator shows power con- 
sumption of the machine. 
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Gear box for the milling spin- 
die has hardened and ground 
gears on multispline shafts. 
Shifting of the sliding gears is 
electrohydraulic, solenoid valves 
and hydraulic cylinders being 
used to perform the shift. Selec- 
tion of the required gearing is 
performed by turning one of two 
large concentric dials on the 
front of the machine to a posi- 
tion corresponding to the desired 
speed while the machine is cut- 
ting at some other speed. The 
change is not actually made un- 
til the operator pushes a button 
on the control panel. At this 
time the shift is performed auto- 
matically. A zero speed switch 
assures that actual shift of the 
sliding gears will occur only 
when the spindle is stationary. 
To assure smooth meshing, a 
small auxiliary motor rotates the 
gears during the shift. 
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GEAR-TOOTH 
BELT DRIVES 


. . . applied for positive 
action on fixed centers 


By Herbert Chase 
Forest Hills, N. Y. 


NTERMEDIATE between conventional belts and 
chains, and» possessing advantages of both, is 
the flexible, toothed “Timing” belt. This type of 

belt provides a positive drive since its teeth mesh 
with those of the pulleys, which are really a form 
of sprocket or gear. Thus, slip is virtually nonex- 
istent. 

Drives using toothed belts offer several interest- 
ing possibilities. For example, especially in light 
drives, die-cast zinc-alloy pulleys are often used. 
Cost is low because teeth formed by the die require 





Double-reduction “timing” belt drive as 


applied to the Royal electric typewriter. 
Not shown is the driving pulley which 
is mounted on the motor shaft. All 
pulleys are die cast in zinc alloy and 
three of the four have double flanges 
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almost no machining save flash removal. Metal in 
these pulleys is not hard, but is usually adequate 
for good pulley life on average light drives. Pulley 
wear tends to be minimized by multiple tooth en- 
gagement, which keeps unit tooth loading low. 

Machined pulleys made from steel, cast iron or 
nonferrous metals are widely used, but blanks 
must be machined and teeth cut in the same way 
as for conventional gears, and with similar charges 
for machining. 

Some small pulleys have been made successfully 
from powdered metal, but dies for such pulleys 
commonly cost more than casting dies. Extruded 
pulleys with teeth are also feasible, but again re- 
quire special equipment for manufacture. Applica- 
tion of separate flanges often is needed. 

“Timing” belts, produced by the New York Belt- 
ing and Packing Co. and the Mechanical Goods 
Div. of United States Rubber Co., consist of an 
oil-resistant synthetic rubber (neoprene) band 























Under side of a Finnel floor maintenance 
machine. The toothed belt operates on 
very close centers and affords a large 
single reduction without _ slippage. 
Centers are fixed but a _ smooth 
idler runs on the outside of the belt 


Double-reduction drive for a Hild floor 
polishing machine. Both large pulleys 
are zinc die castings, but smaller pul- 
leys are of sintered iron, chosen be- 
cause tooth pressures are high and harder 
surfaces than for zinc alloy are desired 




















A “timing” belt drive works well on this 
Pitney-Bowes folding machine. Low cost, 
comparatively quiet operation, fixed centers 
without slippage and absence of need for 
lubrication of the drive, with consequent 
cleanliness, are among the advantages 

















in which helically-wound steel wire cable is 
embedded. Integrally bonded to the wire-neoprene 
band are neoprene teeth protected by a facing of 
wear-resistant nylon fabric. Cable is used to pro- 
vide high strength and to avoid stretch. 

Because of freedom from stretch, the belt can 
be used on pulleys having fixed centers, and it is 
not necessary to provide idlers or other means of 
takeup, or to preload the belt. A smooth idler or 
a smooth power takeoff can be used, however, 4° 
on ordinary flat belt drives. The belt runs relativel; 
quietly, even at high speed. At low speed, tests 
indicate that noise level is even lower than for cu' 
gears running in oil. 

With the Timing belt, oil or other lubricant |s 
not required; oil-tight enclosures and lubrication 
devices are unnecessary. Most applications ar 
relatively open and many, as in business machines 
for example, are used for this very reason, sinc 
frequent servicing is avoided and cleanliness im 
proved. 

Because the toothed belt is relatively light, hig 
belt speeds—even exceeding 15,000 fpm—are per- 
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missible, and the belt can be used with pulley diam- 
eters down to 14-inch. Since the belts are rela- 
tively thin and can be used on short centers, drives 
can be unusually compact. Drives involving the belts 
are said to be highly efficient, with values often 
exceeding 98 per cent. 

Installation is similar to a V-belt drive. In gen- 
eral, pulleys should have flanges at both sides al- 
though, especially on close-center drives, one pul- 
ley having a single flange and occasionally one with 
no flanges can be used. In a die-cast pulley, one in- 
tegral flange is an advantage from a production 
standpoint because flash then comes on a circle 
where it is easily removed rather than on tooth 
ends where removal is more difficult. Integral 
flanges strengthen teeth on any pulley but on those 
having cut teeth, which usually involve strong 
wrought metal anyway, a separate flange that fa- 
cilitates cutting is preferred. On pulleys having 
double flanges, one flange must always be a sep- 
arate piece, of course, to permit forming the teeth. 

Teeth on pulleys do not have a true involute 
gear tooth shape but are designed to suit the shape 
of belt teeth. Some wear may occur on pulley teeth, 
especially if high belt pull produces high unit pres- 
sure on tooth surfaces. In die-cast zinc-alloy pul- 
leys, which are not hard, wear may be more rapid 
than on harder metal, but rate of wear is very low 
and not usually sufficient to require pulley replace- 
ment during normal machine life. Teeth on zinc- 
alloy pulleys can easily be plated with hard chrom- 
ium for wear resistance, and this has been done 








Three-dimension projector conver- 
sion unit driven from the motor’s 
double-flanged die-cast pulley. Only 
one flange is required on the 
driven pulley even though the 
center distance is fairly long 
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GEAR-TOOTH BELT DRIVES 


on a few applications involving high tooth pres- 
sures. 

Use of die-cast zinc-alloy pulleys has been ac- 
cented here because these pulleys are lowest in 
cost, especially when production in relatively large 
quantities is required. In one application, two 
small (14-inch diameter) pulleys made from pow- 
dered iron are applied because the tooth pressure 
is quite high, and it was thought that the hard- 
ness of a sintered iron would be advantageous un- 
der these conditions. Stock pulleys are available, 
and some of these are adaptable to different shaft 
diameters by the use of tapered split hubs, making 
reboring to obtain a given shaft size unnecessary. 

In conventional flat belt applications that involve 
a drive from a small to a relatively large pulley, 
slippage often exists at the small pulley. This slip- 
page can be overcome by applying a toothed belt 
and a small toothed pulley (giving a positive drive 
at the small pulley end) without the expense of 
replacing the large pulley since the toothed belt 
will run on the smooth diameter of the larger pul- 
ley. In this case, however, initial tension is required 
as with a flat belt, and some slippage may occur 
over the large pulley since it has no teeth. 





In this Tokheim gasoline dispensing unit, 
the pump is positively driven from the 
motor by a “timing” belt on fixed centers. 
Both pulleys are zinc die castings, both 
having a single integral flange. A 


second flange is added to the larger pulley 




































Designing for 





PPROXIMATELY 90 per cent of the damage 

to equipment resulting from shock and vibra- 
tion can be eliminated in future designs using cur- 
rently available components, provided those com- 
ponents are chosen, modified if necessary in view 
of past test experiences, and mounted on structures 
that have good damage resistance. 

That is the major conclusion reached by engi- 
neers at the Naval Research Laboratory after an 
eight-year shock and vibration study of shipboard 
units, both electronic and nonelectronic. An an- 
alysis was made of 270 individual items, tested 
by NRL’s Shock and Vibration Branch in accord- 
ance with prevailing Navy and military specifica- 
tions. Equipment tested ranged in weight from 
3025 pounds to less than 1 ounce and in size from 
a radar antenna measuring 17 feet across the tips 
of the reflector to small 30-ampere ferrule type 
fuse clips. Shipboard units were selected for study, 
since the extremely severe operating conditions on 
Naval vessels demand higher degrees of reliability 
and ruggedness than other military applications. 

Contrary to previous belief, it was found that 
vibration was as damaging to the equipment tested 
as was shock, even though the inertia forces acting 
on the units during vibration were low compared 
with shock, normally between 2 to 5 g as compared 
to 300. Reason was the repetitive nature of vibra- 
tion forces as compared with short-duration shock 
blows. Equipment well designed for vibration was 
usually resistant to shock, but equipment that 
passed shock tests might or might not have passed 
vibration tests. In the laboratory’s investigations, 
vibration tests were performed first, except in the 
case of lighting units. 


Test Results: Chassis, cabinets, and frame struc- 
tures were found to be the principal areas of de- 
sign which require more consideration by the de- 
signer. Most difficulties resulted from a lack of 
sufficient structural stiffness. Poor structural de- 
sign not only caused damage to itself but was 
reflected in component performance under both 
vibration and shock and was perhaps the chief 
reason why components failed. 

Tests showed that critical components should— 
and can—be arranged to benefit from the maxi- 
mum deflections of the structure occurring during 
shock with very little increase in the damaging 
effect of vibration. One electronic unit tested, 


Fig. 1, was found to be damage-resistant even 
Transformers are 


though not shock-mounted. 
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Vibration and Shock Resistance 












mounted low to lower the center of gravity. Alu- 
minum mounting feet set in from the bottom edges 
permit greater deflection of the bottom panel under 
shock. Fortunately, the only components currently 
used which can be listed as critical are electron 


Fig. 1—This electronic unit is both shock and vi- 
bration-resistant, though not shock mounted, because 


of good design 


tubes and relays. Completely enclosed rotary-type 
relays and ruggedized electron tubes are possible— 
and promising—solutions to this problem. 

Generally speaking, the problem of resistance 
to damage was demonstrated to be a mechanical! 
one. In this connection, however, the tests pro- 
vided strong evidence that just putting shock 
mounts on equipment is not enough to solve the 
shock and vibration problem. For example, in the 
case of lightweight equipment (electronic as wel! 
as nonelectronic), NRL investigators found tha‘ 
much equipment could pass the required tests with- 
out shock mounts. Apparently this was due tc 
the fact that designers paid more attention to 
structural detail and component installation in 
this equipment. Admittedly, there are cases it 
which shock mounts should be used; an example 
is medium-weight, packaged electronic equipment, 
which usually requires shock mounts for the en- 
tire system. 


Abstracted from ‘‘Designing for Vibration Resistance,’’ Research 
Reviews, Office of Naval Research, March, 1954. 
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Fig. 22—Typical spur-gear reducers showing single and tandem double- 
reduction units. Gear combinations in these units can be varied but 
mating pairs must conform to center distance fixed by housing 
design. Photos, courtesy P. Merlini and Hijos S.R.L., Buenos Aires 





By Paolo Tedeschi 


Consulting Engineer 
Buenos Aires, Argentina 








Continuing the analysis of speci- 
fic design problems begun in 
the preceding part, 








this ar- 








ticle treats the significant con- 
cepts for systematic planning 
of gear reducer series. In the 
next and final article, several 
special techniques for series 
development will be considered 

















LTHOUGH of primary importance in the 
A planning of lines of turbomachines, the 

three criteria of efficiency, production cost 
and sales price take on a different aspect in the 
case of gear reducer series. Efficiency, in partic- 
ular, is a factor of no value as a basis for an- 
alysis, since variations with load are essentially 
negligible. Other criteria which have more direct 
economic and commercial significance in series 
development must be considered. 

On the basis of extent of commercial use, the 
fundamental types of gear reducers which are of 
greatest interest are: Spur, including helical and 
double-helical or herringbone; bevel, including 


Straight-inclined bevel and spiral bevel; and worm. 
In this article, attention will be directed at the 





MACHINE DESIGN—October 1954 





first of these categories, with emphasis on herring- 
bone gear reducers. The same basic concepts, 
however, are also applicable to the other types and 
may be equally useful for series development, 
following procedures similar to those which will 
be discussed. 

Within each fundamental type, selection of in- 
dividual gear reducer units must be on the basis 
of increasing size. Size can be referred to the re- 
ducer housing only since each housing of specific 
dimensions permits the use of different gear com- 
binations of varying transmission ratios, limited 
only by the condition that the center distance, C, 
between mating gears remains constant, Figs. 22 
and 23. Thus the center distance is, in the majority 
of cases, the gear reducer geometrical module. 
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For bevel gear reducers, Fig. 24, the geometrical 
module is given by the pitch diameter of the driven 
gear. In this case, too, each housing may be de- 
signed to contain several sets of gears of different 
transmission ratios, Fig. 24. 

Each gear reducer with a housing of specific 
size, having gears of a certain material and heat 
treatment made under a particular production 
method, may thus be readily adapted to different 
transmission ratios and, for each ratio, may be 
operated under varying rotational speeds. Since 
transmission capacity is a function of all of these 
variables, it follows that if the first two—housing 
size and gear quality—are fixed, the power quan- 
tity which defines the capacity of the housing, and 
represents its specific rating or operational module, 
can be established in terms of the other two vari- 
ables, transmission ratio and speed. In each case, 
as will be seen, this quantity can be reduced from 
a double infinity of values to a single character- 
istic number if reference values are assigned to 
both variables and a law is established relating 
capacity to the value it will acquire under the 
reference conditions. 


Similarity Criteria: According to present practice 
in gear calculations, gear resistance to wear, which 
is the fundamental basis of gear transmission ca- 
pacity, is a function of general gear dimensions 
(pitch diameter, face width, tooth curvature) and 
the hardness and modulus of elasticity of the gear 





Fig. 23—Two single-reduction spur- 
gear reducers showing how different 
sets of mating gears with constant 
center distance can be mounted in 
standard housings. Use of two stand- 
ard housings instead of one to 
provide range of transmission ratios 
from 1/1 to 1/10, in steps of 1/1 
to 1/3 and 1/3 to 1/10, offers ad- 
vantages in cost and size reduction 





material. Tooth form, thickness, radial height and 
ultimate or endurance strength, depending on the 
material and the application, are only considered 
in checking the value of maximum allowable 
tangential load, which provides a measure of the 
danger of flexural failure of the gear teeth. 

The Buckingham formula for wear resistance 
is well recognized as being one of the most useful 
calculation methods from the standpoint of suit- 
ability to a variety of gear applications and ma- 
terial characteristics. Further evidence of this gen- 
eral usefulness is given by the fact that this 
formula is being successfully applied not only to 
old and well-known materials but also to new ones, 
such as spheroidal (ductile) iron, which has a 
combination of physical characteristics entirely 
different from that associated with the “classic” 
materials. 

For the purposes of this analysis, it will be neces- 
sary to simplify the Buckingham formula by sub- 
stituting for the effect-of dynamic load a factor 
of reduction for the allowable load that is de- 
pendent on pitchline velocity. While this sub- 
stitution is necessary here for reaching a clear 
synthesis of certain quantities, it is often per- 
formed in calculations based on unknown or un- 
predictable operating conditions, such as_ those 
existing in the case of any general-purpose com- 
mercial gear reducer. 

The most common form of the simplified Buck- 
ingham formula is: 


P= Kk,k,DpFv,y .. inches (53) 


where P is the power capacity of the gears; D>, 
is the pitch diameter of the pinion; F is the 
effective face width; v,, is the pitch-line ve- 
locity; k, is a factor based on the transmission 
ratio; k, is the factor, accounting for the effect of 
additional dynamic load, which decreases as speed 
increases; and K is a coefficient which remains 
constant for a series of homologous gears. This 
coefficient K represents (1) all the constants 
making the formula homogeneous and (2) the re- 
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sistance to wear which is dependent on the elastic 
and hardness properties of the material and on 
that part of the tooth form having a direct in- 
fluence on the compression stress. 

In studying a series of geometrically similar 
gear reducers, if center distance C is taken as the 
principal geometrical dimension to which Dp, F 
and v,, are proportional and, for a first approach, 
k, and k, are assumed to be constant along the 
series, it is evident from Equation 53 that power 
P would be proportional to the cube of C. 

The simplicity of this elementary law is, how- 
ever, complicated by several circumstances, the 
most important being the decrease in the value of 
the velocity factor k,, while Dp and consequently, 
VU» increase. It is therefore probable that in an 
empirical formula directly relating P and C, the ex- 
ponent of C will have a value less than 3. More- 
over, such a formula will contain a factor, based 
on the transmission ratio, which not only replaces 
the factor, k,, but serves primarily to account 
for the influence of the transmission ratio on Dp 
and v,,. 
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Laws of Similarity: From a careful analysis of 
several series of gear reducers, based on the 
concepts previously discussed, it has been found 
that center distances and capacities may be inter- 
related by simple expressions. These relation- 
ships may perhaps be best defined as tentative 
similarity laws for gear reducers. 

Let P be the transmission capacity in horse 
power, of a gear reducer under the conditions de- 
fined by American Gear Manufacturers Association 
Standards* for a service factor of 1.00; C be the 
center distance in inches; f,, be a factor based on 
transmission ratio; f, be a factor based on pinion 
velocity; and § be a factor based on fundamental 
design criteria. Then, from the results of the gen- 
eral analysis just described, 


P = fim fp 8 C275 (54) 


* AGMA Standard Practice, Helical and Herringbone Gear Speed 
Reducers—Gears 420.02 (February 1951). 










Fig. 24—Typical _ bevel- 
gear reducer units for 
cooling-tower fan ap- 
plications. Cross-section 
views illustrate how same 
standard housing can be 
utilized for different 
gear sets. Photo, courtesy 
P. Merlini and Hijos, 
S.R.L., Buenos Aires 
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As will be shown, factor f,, = 1 when the trans- 
mission ratio m = 1, and f, = 1 when the pinion 
speed mp = 100 rpm. Under these reference con- 
ditions, Equation 54 becomes, 


Po = 8 2.75 eles (55) 


where P, represents the particular value of P cor- 
responding the reference conditions. Thus, if 
the values m = 1 and np = 100 rpm are established 
by convention as the standard reference conditions, 
P, may be defined as the reference power or 
specific rating of the gear reducer. 

For the most common type of steel herringbone 
gears in general use today—300 bhn, 30-degree 
helix angle, 20-degree pressure angle— the factor 
§ has the following values: 








Low Average High 
Gear Reduction Value Value Value 
Single 0.080 0.100 0.115 
Double (tandem) 0.006 0.007 0.008 
Triple (tandem) 0.0006 0.0007 0.0008 





Selection of a low, average or high value of § 
is dependent on certain basic design considera- 
tions; principally, the relative face width of the 











gears or, in reference to the housing, whether the 
shape is narrow and long or broad and short. In 
general, § will remain constant over a broad central 
zone of a line of reducers; however, for the small 
size units, higher values of § are permissible and 
for the large units lower values must be adopted. 

Values of the factor f,, can be determined from 
the following empirical equations: For simple gear 
reducers (single reduction) with transmission ra- 
tios, m, ranging from 2 to 10, 










1.004 
Sn = — 0.004m 
m 





— | 










for double-reduction units with m ranging from 
10 to 80, 







1.004 





.. = — 0.004 Vy m (57) 








Vm 





and for triple-reduction units with m ranging 
from 80 to 600, 







1.004 _ 
fm = —— — 0.004 ¥ m (58) 
vm 








For convenience in analysis, curve plots of these 
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#10 to 100 (Equation 57) 
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Fig. 25—Chart for 
determination of 
factor f,,. Curves 
are plots of Equa- 
tions 56, 57 and 58 
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three equations are given in Fig. 25. 

Values of the factor f, for single, double and 
triple-reduction units operating at pinion speeds, 
Np, ranging from 500 to 2000 rpm are given by 


ja 


This equation has been plotted in curve form in 
Fig. 26. 

On first inspection, it might seem that the re- 
ference conditions for specific rating, m = 1 and 
Np 100 rpm, are not in accord with actual 
practice. However, it will be found that the re- 
quirement of f,,f, = 1, for which P = P,, is ful- 
filled not only for the reference conditions but 
also for other combinations of m and mp falling 
within the normal range of gear applications. For 
example, in the case of the usual standard 60-cycle 
motor speeds, the values of mp and m for which 
fala = 1 are: 


Np 
100 


(59) 














nN» Single Double _ Triple 
(rpm) Reduction Reduction Reduction 
580 4.36 19 83 
870 5.75 33 190 
1160 6.95 48.3 335 
1740 8.65 75 645 





The specific rating of a gear reducer of given 
capacity P, pinion speed mp and transmission ratio 
m is given by 

P 
hm fp 
where f,, and f, have values corresponding to re- 


(60) 
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ducer transmission ratio and pinion speed, re- 
spectively. 

From Equations 54 and 55, expressions can 
now be developed for the required center distance 
of a gear reducer. These expressions are: 








1/2.75 
a = ( ) (61) 
8 fm fp 
Py \ 2-75 
c = ( ; ) . (62) 


To simplify calculations involving quantities 


raised to the 2.75 or 1/2.75 power, the graphical 
conversion scale in the form of a contact-scale 
nomogram given in Fig. 27 may be helpful. 






Module Relationships: For gear reducers, geo- 
metrical modules are given by the center distances, 
C, and operational modules by the specific ratings, 
P,. Equation 55 is therefore the fundamental law 
of a reducer line. Its function in the planning of 
a series is analogous to that of the similarity laws 
in the case of hydraulic turbomachines. 

This equation, which provides a direct rela- 
tionship between the two modules, offers another 
example of the practical application of the general 
expression given in Equation 1 (Part 1): W = 
kL‘. In Equation 55, W = Po, L= Cie = 2.75 
and k = $. 

This homology of terms can be utilized as a 











Fig. 26—Chart for deter- 
mination of factor f,. Curve 
is plot of Equation 59 
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basis to directly relate not only P with C but 
also the characteristics of a given series of opera- 
tional modules (specific ratings or effective 
powers) with those of a corresponding series of 
geometrical modules (center distances). Thus, from 
the basic properties of conventional and second- 
order progressions discussed in Part 2, it is evident 
that if the ratio between limiting terms of a given 
series of operational modules is R, the analogous 
ratio for the corresponding series of geometrical 
modules is R!/*-75, If these series are based on 
second-order progressions, the second-order ratios, 
p, also could be established in a similar manner. 


Series Planning Concepts: In establishing the 
limiting terms of a series of specific ratings, the 
determining criterion is the feasibility of extend- 
ing the line to include power ratings of lesser sale 
value. These limits must be fixed by a careful 
investigation of the market, performed in an alert 
commercial spirit and with even some prophetic 
interpretations. As a matter of fact, those com- 
panies for which a low upper limit seems to be 
at present adequate are logically those where an 
extension would probably be more desirable in the 
future. In such instances, the series may be limited 
initially but must be planned so as to make future 
extension of the line fairly simple. Another pos- 
sibility is to plan an extensive line initially for 
gradual application as requirements develop. 

Term ratios in a gear-reducer series must de- 
crease in going from low to high specific ratings, 
indicating the application of a second-order pro- 
gression for tracing the development of the line. 
In selecting a progression, care must be exercised 
to assure that ratios between subsequent terms, or 
specific rating values, maintain certain inverse 
proportions among the ratings in accordance with 
the criteria previously discussed, as well as other 
considerations which will be demonstrated in deal- 
ing with practical applications of these general 
concepts. Moreover, the number of terms in the 
series must fall within the range for minimum 
total cost established in Part 1. 

With reference to the geometrical modules (cen- 
ter distance), it is evident that the limiting units 
of the module series must be carefully checked 
against available production methods. It would 
hardly be of much use to plan a line of reducers 
which involves gears of a larger diameter than 
can be handled by the available milling machine 
capacity, or pinions so small that the production 
methods in use would result in form errors too 
large for the speed of operation, etc. 

When the series of operational modules has 
been determined, the corresponding series of geo- 
metrical modules can be readily derived through 
the use of Equation 62, adopting for the factor § 
the particular value that fits the application. To 
provide a complete picture at the first, this series 
derivation could be performed by merely convert- 
ing the progression characteristics (limits and 
ratios), using the equations and methods given in 
Part 2. For the final development, calculation 
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of the derived series term by term will probably be 
necessary. 


Analyzing Existing Series: Gear reducer lines 
with irregular variations in the ratios between 
subsequent power ratings are often found. If these 
series are analyzed by the methods which have 
been discussed, the irrational features can be 
readily found and traced to their origin. 

To perform such an analysis it will be necessary 
to first (1) reduce the available data on capacity 
into terms of specific ratings by means of Equa- 
tion 60 and (2) calculate for every reducer of 
the line the value of the factor § from Equation 55. 

In an ideal case, § would remain constant along 
the entire line. A slow and continuous increasing 
or decreasing value of § is not a sign of irration- 
ality. This uniform variation only indicates that 
for the particular series the exponent of C is slight- 
ly different from the mean value of 2.75 which has 
been derived from empirical-statistical investiga- 
tion and to a point, depends on design criteria. 

A clear sign of a defect in the particular line, 
on the other hand, is indicated by an irregular 
variation of §. This discontinuity reveals that 
some of the housings, particularly those to which 
the lower values of § correspond, could have been 
better utilized by employing gears of higher ca- 
pacity. In such instances, an irregular variation 
in the ratios of subsequent power ratings is also 
usually present. This fault indicates that a series 
could be found which falls within the same limit- 
ing ratings and has the same maximum ratios but 
a smaller number of models, or that a line could 
be developed, with the same number of models 
but at lower ratios, which would have better com- 
mercial characteristics. 

An examination of these defective lines quickly 
exposes the origin of such irregularities. In gen- 
eral, the causes are: (1) The lines are based not 
on a pre-established series of power ratings but 
on a series of center distances and (2) these series 
are formed on the basis of subsequent arithmetic 








Table 12—Planning Data for Line of Gear Reducers 
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This inversion of pro- 
cedure together with a preference for integers 
and arithmetical progressions are jointly capable 
of producing a series which is far from rational, 
even in the cases where, during the tabulation of 
power ratings, the most evident and prominent 
discrepancies are smoothed out, as often occurs. 


progressions of integers. 


Practical Example of Series Planning: Applica- 
tion of the preceding concepts in actual practice 
is demonstrated by the following example in which 
the development of a complete line of simple, 
tandem-double and tandem-triple gear reducers, 
with gears of a standard type, is described. For 
this particular line, the gear reducers are assumed 
to be of the general-purpose type and have steel 
herringbone gears, cut to form after the material 
has been heat treated to about 300 bhn. 

Basic data for the complete line have been col- 
lected in the top section of Table 12. These data 
represent the hypothetical results of a previous 
commercial market research. 

Approximate maximum allowable ratios for the 
progression of specific ratings, determined in ac- 
cordance with concepts previously considered and 
representing the designers commercial sensibility 
in the present case, have been established as fol- 
lows: For ratings around 10 hp, a value of 2; 
around 100 hp, a value of 1.5; around 1000 hp, 
a value of 1.25; and around 2500 hp, 1.10. 

From a survey of available tooling, it has been 
found that gear sizes are governed by the fol- 
lowing production limitations: Finest diametral 
pitch, 24; minimum number of teeth, 12; minimum 
pitch diameter (25-degree helix angle), 0.552 inch; 
maximum pitch diameter, 84 inches. 

Values of § given in the basic data in Table 12 
correspond to the average values of “face to diam- 

















ingle- Double- Triple- 
Item Reduction Reduction Reduction 
Basic Data: 
Specific rating, Po (hp) 4-2500 4-500 4-250 
Transmission ratio, m.......... 1.25-10 9-81 80-400 
preeien: tater, 6... 0.10 0.007 0.0007 








First Approach: 
Center distance, C (in.) ........ 
Smallest pinion, Dp (in.) ....... 


Largest gear, Dg (in.) ......... 


3.8-39.7 10.1-58,2 23.2-104.5 
0.691 0.808 1.167 
72.2 62.9 87.4 















Second Approach: 
Specific rating, Po (hp) ........ 
Demian. Mace, 6. os 
Center distance, C (in.) ........ 
Smailest pinion, Dp (in.) ....... 
Largest gear, Dg (in.) ......... 


4-2500 
0.11-0.07 
3.7-45.2 





4-700 4-170 
0.008-0.005 0.0008-0.0006 
9.6-74.4 22.1-96.1 
0.768 1.109 


82.2 80.3 - 80.4 - 
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eter” ratio. For a first approach these values are 
assumed to be constant along the entire series. 
In the subsequent phases of calculation, these 
values will be corrected to agree with the actual 
center distances employed; for the small models 
the values will be increased and for the larger 
models they will be decreased. 

In the first approach to series planning, the 
initial step is the calculation of the center dis- 
tances corresponding to the desired specific rat- 
ings. Equation 62 is utilized for this calculation, 
taking appropriate values for the basic data in 
Table 12. Before continuing with complete devel- 
opment of the line, it will be necessary to verify, 
making adjustments if necessary, that these first 
rough calculated dimensions are in agreement with 
the limitations of available production equipment, 
especially in regard to gear diameters. 

The pitch diameter Dp of the smallest pinion 
in the smallest gear reducer unit of a series may 
be determined from the equations: 

For single reduction units, 


2C 
Dp = ————_ 
m+1 


For double-reduction units, 


P ——— 


Vm-+i1 





Table 13—Development of Line of Gear Reducers* 






For triple-reduction units, 





0.42 C 
healers ~~“ yang 
Y¥m+i1 












The pitch diameter Dg of the large gear of the 
largest unit may be likewise found from the equa- 
tions: 

For single-reduction units, 







m 


Dg = 2C ———— 
m+i1 







For double-reduction units, 






™ 
De = 1.2C ane. <a 
Vm-+i1 







For triple-reduction units, 






vm 
De = 6950 ——_-——- 
. V¥mt+i1 






The foregoing equations are based on the fol- 
lowing assumptions: (1) Intermediate gear ratios 
in multiple reduction units are equal and (2) 
intermediate center distances in the tandem 
double-reduction units are in the proportion 
1/1.5, while for the tandem _ triple-reduction 
units the proportion is 1/1.5/2.25. These assump- 
tions represent only average conditions; hence, 
the foregoing equations are only approximate ex- 
pressions. For final calculations pitch diameters 
must be checked against the actual proportional 
relationships of intermediate gear ratios and cen- 
ter distances. 





































Specific Single Tandem-Double Tandem-Triple 
Progression Data——___ Rating, Reduction Units Reduction Units Reduction Units 
Term Values Po Model Cc Model C Model Cc 
18-6-C? 56-15-Bt Ratios (hp) No. 8 (in.) No. r) (in.) No. 8 (in.) 
1.000 4.0 $1 0.11 3.68 D1 0.008 9.55 T1 0.0008 221 
1.995 1.995 7.9 $2 0.10 4.90 D2 0.007 12.9 T2 0.0007 298 
3.758 1.884 14.9 S3 0.10 6.17 D3 0.007 16.2 T3 0.0007 375 
6.683 1.778 26.5 S4 0.10 7.67 D4 0.007 20 T4 0.0007 462 
11.22 1.000 1.679 44.5 $5 0.10 9.18 D5 0.007 22.5 T5 0.0007 558 
17.78 1.584 1.584 71 S86 0.10 10.9 D6 0.007 28.5 T6 0.0007 659 
2.446 1.543 108 S87 0.10 12.7 D7 0.007 33.4 T7 0.00068 780 
3.676 1.503 163 S8 0.10 14.8 D8 0.0065 39.8 Ts 0.00065 920 
5.380 1.464 239 s9 0.10 16.9 D9 0.006 47.1 
7.666 1.425 340 $10 0.10 19.3 D10 0.0055 55.3 
10.64 1.388 475 $11 0.10 21.7 Dil 0.005 64.5 
14.38 1.351 640 $12 0.10 24.2 Di2 0.005 71.9 
18.92 1.316 840 $13 0.095 27.2 
24.24 1.281 1075 $14 0.092 30.2 
30.25 1.248 1360 $15 0.090 33.0 
36.75 1.215 1630 $16 0.085 36.1 
43.49 1.183 1930 $17 0.080 39.3 
50.11 1.152 2230 $18 0.075 43.3 
56.23 1.122 2500 $19 0.070 45.2 
a 



























_*Values have been rounded off from calculated figures. Thus, if a check calculation is made, it is p& 
sible that the values may not correspond exactly. tProgression taken from Table 5, Part 2. 
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Calculated data for the first approach are listed 
in the middle section of Table 12. Pinion and gear 
diameters have been determined from the pre- 
vious equations. The smallest pinion pitch diam- 
eters are acceptable, since all are larger than the 
minimum diameter established by the limitations 
of the production equipment. However, com- 
parison of the calculated largest gear diameters 
with available facilities indicates that some size 
modifications are necessary, not only because the 
calculated pitch diameter of the large gear of the 
triple-reduction units is larger than the allowable 
maximum but also because the large gear of the 
double-reduction units is smaller than the allow- 
able maximum and permits extension of this por- 
tion of the line. Moreover, the center distances 
obtained through this first calculation go beyond 
the limits of a constant value of §, necessitating 
correction of this factor in the second approach. 

Corrected results for the second approach are 
listed at the bottom of Table 12. A more desirable 
balance between the large gear sizes has been at- 
tained and the gears are within the acceptable 
limits of the available production facilities. In ad- 
dition, the maximum rating for double-reduction 
units can be ‘extended from 500 to 700 hp, while 
for the triple-reduction units this rating must be 
reduced from 250 to 170 hp. 

To complete the development of the line, a 
suitable progression of specific ratings must now 
be found. This progression must connect the 
limiting values of 4 and 2500 hp, providing limit- 
ing and intermediate ratios in close agreement 
with the values initially fixed in this example. 

The ratio of limiting progression terms, 2500/4 
= 625, does not correspond to any of the planned 
progressions listed in Table 5 of Part 2. In reach- 
ing the desired objective, it will be necessary to 
use a combination of two of the progressions, 
selected on the basis of the following criteria: (1) 
The last term ratio of the first progression must 
be equal to the first term ratio of the second 
progression and (2) the second order ratio, p, of 
the second series must be greater (closer to unity) 
than that of the first series. The reasons for the 
first condition are apparent. The latter require- 
ment is imposed for convenience in “decelerating” 
the reduction of first-order term ratios in the final 
progression, leading to a result that may perhaps 
be best defined as an approximate third-order pro- 
gression. Application of this type of progression, 
which was discussed in Part 2, becomes necessary 
when progressions with large ratios between limit- 
ing terms are involved. 

Development of the complete line of gear re- 
ducers is shown in Table 13. This final group- 
ing is based on a progression which combines two 
of the planned second-order progressions: 18-6-C 
and 56-15-B. Center distances C are determined 
through a trial and error procedure in which the 
values of § are corrected to correspond to the values 
of C in a manner similar to that used in the second 
general approach. 

As a final check, the number of terms in the 
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series of center distances should be compared 
against the criteria presented in Part 1. The initial 
range with ratio of extreme terms equal to 10, go- 
ing from 3.68 to 36.1 inches, is covered by 16 terms, 
a number which falls within the zone of maxi- 
mum convenience, on the high side. The latter 
characteristic is justified by the nature of the line 
which is composed of gear reducers intended for 
general sales. 


Final Design Consideration: The equations which 
have been developed in this article are merely 
for the purpose of guidance in rational series plan- 
ning and are not in any way intended as substi- 
tutes for the Buckingham formulas or similar 
basic gear calculation methods. On the other hand, 
the actual design of the models of a series must 
be based on these equations exclusively in estab- 
lishing a rational arrangement of the specific rat- 
ings and the corresponding center distance dimen- 
sions by which those ratings will thus be realized. 
For applications involving power ratings other 
than the specific ratings and conditions different 
from those discussed here, calculations will have to 
be accomplished by the conventional techniques 
in use. 

During the final design stages, adherence to the 
pre-established ratings is readily achieved by spe- 
cifying adequate face width and pitches. Necessary 
corrections should only be minor and within the 
range of possibility, since the methods which have 
been presented here are based on analyses of actual 
lines of gear reducers. 

In calculating final dimensions, it should always 
be remembered that the primary objective is the 
attainment of economic and commercial rationality 
in the series of ratings and not necessarily regu- 
larity in the series of geometric dimensions. 

In the next and concluding article of this five- 
part series, consideration will be given to several 
design problems involving special techniques of 
series planning. Characteristics and methods of 
attack for reciprocating machines, centrifugal gov- 
ernors, servomotor controllers and constant speed 
pumps will be treated. 





They Say..- 


“Although it has been less than 12 years since 
the power of the atom was harnessed within a nu- 
clear reactor, we have already made tremendous 
progress in research and development in connection 
with agriculture, chemistry, metallurgy, biology, 
medicine and other areas of science and industry. 
Additionally, we have seen significant advances in 
new fundamental knowledge, and I am confident 
that new discoveries will appear, fully as impor- 
tant as those we have already witnessed, and that 
they will further enrich the lives of all of us. We 
are not yet at high noon of the atomic age—only 
at the first glimmer of its dawning.”—LEwis L. 
STRAUSS, chairman, Atomic Energy Commission. 
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Transistors 


... offer a wide range of possibili- 
ties in machine control applications 


By R. L. Bright 


Westinghouse: Electric Corp. 


G INCE their inception some six 

years ago, transistors have 
been the subject of considerable 
interest and development effort. 
Despite this activity, applications 
in commercial equipment have de- 
veloped slowly. Early predictions 
of large scale replacement of vac- 
uum tubes have not yet material- 
ized and probably will not for 
many more years simply because 
the transistor is not a vacuum 
tube. Its usefulness stems from 
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a unique combination of proper- 
ties which can, and undoubtedly 
will, be adapted to advantage in a 
variety of control functions. 
Transistors have some charac- 
teristics that are similar to those 
of vacuum tubes, but they also dif- 
fer in many important respects. 
The grid of a vacuum tube draws 
practically no power from the 
signal source; a transistor, on the 
other hand, requires a small but 
often appreciable amount. In most 


















2 
ra) 
& 
a 
eo I,7-!0ma 
r-} 
> 
- 200 -milliwatt 
~ 7 transistor . 
3 \ 
8 \ 
\ 
-10 \ 
\ 
\ -60 -70 
“ 
-5 we 
~ wal 
O —_— 
° -20 -40 -60 -80 100 120 -i40 “160 





Collector Current (ma) 


Fig. 1—Curve showing relationship in a 200 milliwatt transistor be- 
tween voltage across the unit and fixed input load currents 
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applications, vacuum tube charac- 
teristics may be considered in- 


varient with temperature; some 
of the transistor’s properties vary 
greatly with temperature. It is 
therefore not surprising that 
transistors have had difficulty in 
replacing tubes in the circuits and 
applications that have _ evolved 
over the past thirty years. These 
circuits were tailored to take ad- 
vantage of the vacuum tubes’ 
unique properties, some of which 
transistors do not even possess. 


Basic Characteristics: In at- 
tempting to apply transistors, it 
seems more reasonable to look 
carefully at the characteristics of 
the device to determine if it has 
any unique properties which will 
enable it to perform functions 
that are not practical with vac- 
uum tubes. It has several such 
unique properties. The one of 
principal interest here is the abil- 
ity of the transistor to control 
power flow with an overal! effi- 
ciency of 98 or 99 per cent. The 
transistor has this property by 
virtue of a more basic property, 
namely the very small voltage 
drop across the unit under the 
proper conditions. This drop is 
less than 1 volt for quite large 
current densities. The efficiencies 
it permits can be matched only by 
high-voltage ignitrons. These éf 
ficiencies coupled with the iran 
sistor’s great reliability portend 4 
very extensive potential applica 
tion of transistors in the power 
control field in the next two 
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Fig. 2 — Equivalent 
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three years. 

This time estimate is not over- 
optimistic. Two years ago, the 
largest germanium rectifier, which 
is a relative of the transistor, had 
a current rating measured in mii- 
liamperes. Today, there are under 
development units with a rating 
which may be as high as 200 am- 
peres average at 65 volts peak in- 
verse, or 8 kilowatts apiece. There 
is good reason to expect that 
transistors capable of controlling 
kilowatts will likewise be avail- 
able in another one or two years. 

The unique characteristics and 
the proper operatirg conditions re- 
ferred to earlier are illustrated in 
Fig. 1. This is a graph of the col- 
lector characteristics of a Westing- 
house 2N55, PNP, fused junction 
transistor. 

In its commercial form, it is a 
small plastic cylinder about %% 
inches in diameter and 3/16 inches 
high and is, thus, about the size 
of the tip of a little finger. Its 
rated power dissipation at room 
temperature is 200 milliwatts— 
hardly a high power unit. Never- 
theless, it will serve to illustrate 
the principles involved. 

The graph in Fig. 1 shows the 
relationship between the voltage 
across the unit and the load cur- 
rent through it for fixed values of 
input current. If, for example, this 
transistor should be connected in 
Series with a de supply and a re- 
sistance load, the operating point 
of the transistor will be along the 
line shown. If the input were such 
that the operating point was near 
the center of this line, the power 
dissipation, which is the product 
of voltage across the unit and the 
current through it, is far above 
the maximum rated 200 milliwatts. 
However, if the operating point is 
hear point A, the load current is so 
small that even though practical- 
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circuit diagrams at 4 
for a transistor used 
as a relay and at 6 and 
¢ for standard relays 


ly the entire supply voltage ap- 
pears across the transistor, the 
power dissipation in the unit is still 
less than the rated value. Similar- 
ly, if the base drive is made suf- 
ficiently large, the operating point 
will move down to point S. Here, 
we have a large current through 
the unit but only a very small 
voltage across it; here again the 
power dissipation is less than the 
rated 200 milliwatt. However, the 
power in the load under this con- 
dition is approximately equal to 
the load current times the supply 
voltage, or about 4.2 watts. This 
transistor can actually control a 
load power equal to about 50 times 
the rated dissipation if its operat- 
ing points are restricted to lie at 
the ends of the load line and if 
the switching time is very fast. 
The transistor when operated in 
this manner is analogous to a re- 
lay which closes a switch in series 
with the load when the input to its 
coil is energized, Fig. 2. This char- 
acteristic is, of course, of prime im- 
portance to the machine tool in- 
dustry. The remainder of this dis- 
cussion will be devoted to the pos- 
sible applications of such “switch- 
ing” transistors. 

In the application of transistors, 
one of the major obstacles has 
been the difficulty of obtaining a 
stable operating point since the 
entire family of voltage versus 
current characteristics shown in 
Fig. 1 moves considerably with 
temperature and may differ sig- 
nificantly from unit to unit. Since 
“switching” characteristics apply 
only at the two extremes of the 
load line, these effects are of only 
secondary importance. Thus, it 
should be emphasized that tran- 


sistors when used as switches are - 


not subject to the severe tempera- 
ture restriction which is generally 
accorded them and which apply to 


TRANSISTORS 





linear amplifiers. On the contrary, 
in many applications, such tran- 
sistor circuits will meet most mil- 
itary specifications. Furthermore, 
the transistors do not need to be 
carefully selected. In switching 
service, all transistors of a given 
type will be completely inter- 
changeable. 


Control Applications: An obvi- 
ous application of this device would 
be to replace a relay and take ad- 
vantage of the fact that a tran- 
sistor can operate at very high 
speeds and has no contacts to pit 
or get dirty. The transistor has the 
limitation that it is only a three 
terminal device and, hence, it must 
have one lead common to both in- 
put and output. Furthermore, it 
effectively carries only the one 
contact. Nevertheless, many power 
control circuits can probably be 
redesigned to incorporate such 
units. 

Two such switching transistors 
can be used to make a variable- 
frequency power amplifier as 
shown in Fig. 3. If a square wave 
is applied to the input of this cir- 
cuit, the two transistors are al- 
ternately turned on and off, there- 
by connecting the supply battery 
to alternate ends of the winding 
and, thus, producing a square wave 
at the output of the same fre- 
quency but of a much higher pow- 
er than the input. One possible ap- 
plication of this device might be 
as a component in a tape-controlled 
machine tool. For example, speed 
information could be recorded on 
the tape as a square wave of vari- 
able frequency; the pickup head 
might feed into an all transistor 

















Fig. 3—Circuit diagram of 
two switching transistors 
used to make a_ variable- 
frequency power amplifier 
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amplifier having two or three 
stages of the type just shown. The 
output of this amplifier could drive 
a synchronous motor at the re- 
quired speed. This system would 
provide a precise speed control 
without feedback loop complexity. 

Thus far, the discussion has in- 
dicated how a transistor might be 
used to pass or block current from 
a de supply. With minor circuit 
variations, transistors can also be 
used to pass alternating currents 
and block alternating voltages. 
Thus, it is quite conceivable that 
they may replace contactors in in- 
duction motor starters and other 
ac equipment. 

The use of a transistor as a 
switch which is either on or off 
suggests a thyratron or ignitron 
which is also an on-off device. One 
difference is that the gas tube is 
fundamentally a high-voltage, low- 
current device whereas the transis- 
tor seems destined to be a low-volt- 
age, high-current unit. However, a 
more important distinction is that 
the transistor possesses two great 
advantages over the _ thyratron 
which makes its application much 
more flexible: (1) It can carry or 
block currents in either direction 
and (2) it can be turned on or off 
at any desired instant. With prop- 
er driving circuitry, the transistor 
can be made to perform as a thy- 
ratron, but not conversely. 

For example, a static field con- 
trol circuit that may replace ro- 
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tating amplifiers and exciters is 
shown in Fig. 4. Here, advantage is 
taken of the fact that the transis- 
tor can pass current in either di- 
rection and, hence, can perform 
functions which are not now prac- 
tical with thyratrons. 

In this circuit, the base-drive 
circuits which have not been shown 
in detail are such that transistors 
A and A’ are closed while B and B’ 
are open and conversely. If A and 
A’ are closed, the battery is con- 
nected across the field so that the 
field polarity is as shown; if B 
and B’ are closed, the field has the 
opposite polarity applied. Thus, 
this circuit functions similarly to 
a double-pole, double-throw re- 
versing switch with the one out- 
standing difference that it can be 
thrown practically instantaneously. 
That is, the polarity of the field 
can be reversed without ever open- 
ing the field circuit. Thus, there 
will be no high-voltage surges and 
no discontinuities in the current. 
The average field-current can 
therefore be controlled by varying 
the ratio of the time that one 
polarity of voltage is applied to 
the field to the time the other 
polarity is applied. Typical wave- 
forms are shown in the right-hand 
section of Fig. 4. If the frequency 
of these rectangular voltage waves 
is very high compared to the re- 
ciprocal of the time constant of 
the field, the field-current will have 
very little ripple. This bridge can be 
held closed in either position and, 
hence, can apply full forcing to the 
field in either direction. A voltage 
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Fig. 4—A static field control circuit using transistors. Typical wave 
forms are shown at right 





regulator containing an exciter of 
this type would essentially contain 
only one time constant, that of 
the field winding itself. 


Performance Life: Some carly 
types of junction transistors had 
an unexpectedly high rate of fail- 
ure. Investigation showed these 
failures were due primarily to faul- 
ty mechanical structure or, more 
important, moisture reaching the 
junction. Present techniques have 
eliminated these difficulties and 
‘modern units show promise of very 
long life. There are few pertinent 
life test results available today 
because present designs are only 
about a year old. Units running 
continuously for this period have 
shown almost no failures. The life 
of transistors should be of the 
same order as power rectifiers. 
There are no known factors which 
would place an upper limit on life 
as long as the unit is operated 
within its ratings. 

All commercial transistors today 
are made of germanium and will 
operate as switches up to tempera- 
tures a little above 100 C. It is 
expected that silicon transistors 
will be available within the year 
(silicon diodes are now available) 
and they will operate in the region 
of 200 C. Thus, temperature limita- 
tions do not appear to be a prob- 
lem. 

It is, of course, too early to give 
cost estimates on power transis- 
tors. However, power diodes are 
now considerably cheaper than ig- 
nitrons of similar current rating, 
although they are slightly more 
expensive than ignitrons when 
compared on a power basis. This 
is due to the higher voltage rating 
of the ignitron. 

Another entirely different indus- 
trial application of transistors and 
one which is not in the future but 
is fully practical today, is the use 
of phototransistors in place o! pho- 
tocells. Transistors of the ‘inger 
tip size previously described have 
a photosensitivity only slight! y less 
than that of photomultiplier tubes 
and far greater than any other 
available device. They are exireme 
ly sensitive to an incandescent 
lamp even when it is glowin: only 
a dull red. Such phototransistors 
are in many cases capable of op 
erating quite rugged relajs d 
rectly, with no intermediate ampli- 
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fiers, and require only 6 to 12 volt 
supply. The extreme reliability and 
small size of this device may open 
up many more applications of light 
actuated machine controls. 





From a paper entitled “Future 
of Transistors to 
Control Machine Tools” presented 
at the 18th Annual Machine Tool 
sponsored 


Applications 


Electrification Forum, 








Influence of Manufacturing Methods on 


Gear Design 


By Dietrich W. Botstiber 


President 
Technical Development Co. 
Fernwood, Pa. 


]% GEARS, as in any other ma- 
chine element, the actual con- 
ditions of operation and the actual 
dimensional and physical charac- 
teristics are subject to deviations 
from the assumed quality. Type 
and extent of these deviations pro- 
duce major differences between as- 
sumed and actual characteristics, 
thus reducing the reliability of an- 
alytical data. 
Calculation of power capacity of 
gears is usually based on three 
major limitations: 


1. Static strength of gear teeth, 
determined by the operating 
bending stress in the root, and 
the permissible bending stress of 
the tooth material in this lo- 
cation. 

2. Surface stress at the tooth 
flanks in mesh, and the ability 
of the material to resist scuf- 
fing, pitting, or plastic flow un- 
der the surface stress and slid- 
ing velocity involved. 

3. Rate of heat generation and 
ability of gears and cooling lu- 
bricant to dissipate heat at a 
temperature that will not favor 
deterioration of the material un- 
der surface stress and sliding 
velocity. 


Calculation of bending stress is 
based on a number of assumptions 
which essentially deviate from ac- 
tua] conditions. Linear increase of 
Stress from a neutral zone to a 
maximum at the surface is gen- 
erally not existent on an actual 
Sear tooth under load. Stress con- 
centration at the roof fillet is 
8reatly affected by manufacturing 
Processes. The surface of a carbur- 
ized gear, for example, has an ini- 
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tial compressive stress which coun- 
teracts the operational tensile 
stress in the outer fiber. 
Resistance of the surface of 
tooth flanks against deterioration 
under pressure and sliding depends 
to a great extent on the initial 
characteristics of the surface, its 
smoothness, ability to retain lubri- 
cant and, most important, its hard- 
ness at the extreme outer surface. 
Limitations due to heat genera- 
tion are generally not of decisive 
nature, as long as adequate pres- 
sure lubrication is maintained, and 
as long as progressive damage of 
the tooth surfaces does not occur 
due to physical deficiencies. 
Physical and dimensional charac- 
teristics are interrelated. The heat- 
treating methods which produce 
the desired physical properties of 
the gear teeth always have the 
detrimental effect of producing dis- 
tortions. These distortions occur 
within the gear teeth as well as 
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by the Westinghouse Electric 
Corp., Buffalo, N. Y., April, 1954. 





within the blank, resulting in de- 
formed teeth, unequal spacing, and 
ovality and eccentricity of the 
pitch diameter. In operation, this 
means localized concentrated tooth 
loads, periodically changing loads 
due to accelerations in the rotating 
motion, and fluctuations of reac- 
tion forces on bearings and struc- 
tures. The resulting increased 
stresses correspond to reduction of 
power-transmitting capacity. 


Improving Physical Properties: 
The following processes are avail- 
able for improving physical prop- 
erties of gears: 

1. HARDENING OF ENTIRE GEAR: 
Heat-treating the entire gear in- 
creases tensile and compressive 
strength of the teeth, and wear re- 
sistance of the tooth surface. If 
the teeth are finish cut after heat 
treating, then the hardness is lim- 
ited to a value acceptable for cut- 
ter material and for rigidity of 
existing machines. A brinell hard- 
ness of 230 to 270 is the usual prac- 
tical range, corresponding to 110,- 
000 to 150,000 psi ultimate tensile 
strength. 

If hardening is done after fin- 
ish cutting, then the distortions are 
retained in the gear. If the hard- 
ness is brought to a value desirable 
for wear resistance, then the ma- 
terial will be too brittle for the in- 
termittent bending loads imposed 


Table 1—Typical Physical Characteristics of Gears 








Type of Gear 








Physical Induction or Carburized 
Characteristics Soft Heat-Treated Flame-Hardened or Nitrided 
Core hardness 

Brinell No. 190 250 280 330 

Rockwell C 14 26 30 35 
Case hardness 

Rockwell C 14 26 55 60 
Tensile strength at ss 

outer fiber (1000 psi) 90 125 250 300 
Typical allowable bending 

stress (1000 psi) 15 20 28 40 
Typical allowable surface " 

compression stress (1000 psi) 75 90 135 160 
Reliable maximum operating 

pitch-line velocity (1000 fpm) 5 20 30 40 
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on the teeth. Therefore, this proc- 
ess may be used only to a limited 
degree. 


2. SURFACE HARDENING OF GEAR 
TEETH: Typical examples of sur- 
face treatment are induction hard- 
ening and flame hardening. Induc- 
tion hardening is particularly suit- 
ed for gears of small and medium 
size, while flame hardening is used 
on large gears. The electric induc- 
tion process heats the surface with- 
in a few seconds to a depth of 0.02 
to 0.12-inch, and _ subsequent 
quenching with water produces a 
hard surface, leaving the core soft 
and ductile. Flame hardening is 
done by heating the teeth with a 
gas flame, and subsequent water 
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Fig. 1—Comparison of typical 


corb. and ground 


quench. If the material is of the 
slow-quench type, the water quench 
may be omitted and the cooling 
from the adjoining volume of cold 
metal is sufficient. 

The hard surface with soft core 
is a desirable condition, but the 
hardened surface usually contains 
tensile stresses which are detri- 
mental to bending and fatigue re- 
sistance. High-carbon steels used 
for water quench are not the most 
desirable materials from the view- 
point of uniformity, impact 
strength, and ductility. 

3. CHEMICAL SURFACE HARDEN- 
ING: The principle of these proc- 
esses is the use of a grade of steel 
which normally will not become 
fully hard, but by application of 
suitable processes the surface is 
chemically changed to assume 











Single mesh, Planetary, 


corb.and ground 


gear dimensions for equal power, 


speed and gear ratio 


hardenability. Processes of this 
type are carburizing and nitriding, 
In carburizing, a low-carbon steel 
is used, and by sustained heating 
in a carbon-releasing substance 
the carbon content of the outer 
layers is increased. After subse- 
quent quenching the gear has a 
hard outer case with a ductile core. 
Depth of the hard case can be 
controlled accurately by the time 
of exposure to the carburizing 
medium, and hardness is independ- 
ent of case depth. In nitriding, a 
special alloy steel is used which, 
when heated at moderate tempera- 
tures in a nitrogen atmosphere, 
undergoes a chemical change in the 
surface structure, resulting in 
hardening to about the same de- 
gree.as obtained in carburizing. 
Distortions in nitriding are small 
due to the low temperatures in- 
volved, but control of surface hard- 
ness and case depth in this process 
is not equal to that of carburizing, 
and generally nitriding is only 
good for small case depths. Both 
processes provide a compressive 
stress in the surface which im- 
proves fatigue resistance of the 
gear. 

4. COLD WORKING THE SURFACE: 
This process imparts a compressive 
stress to the surface by mechani- 
cal pressure exceeding the yield 
point. The practical method of us- 
ing this principle on gear teeth 
is shotpeening, consisting of the 
action of a large number of small 
round shot balls hitting the sur- 
face with an impact. The effect is 


Table 2—Gear Dimension Comparison* 





Planetary 


- Carburized & 
Spur ——— 


Dg Dr F 


Ground ———— 
—— Helical —— 


Ds Dr F 


——— Spur ——— 
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Single Stage 
———— Carburized & Ground ————— Cut 


Single Stage 





— Helical —— 
Dp 


Helical —— 








4.75 14.25 2.38 
3.77 11.30 3.80 
3.36 9.90 5.00 


4.2 12.6 2.10 
3.34 10.10 3.34 
2.90 8.70 4.35 


6.60 
5.24 
4.85 


33.0 3.30 
26.2 5.24 
22.9 6.87 


43.10 4.31 
34.2 6.84 
30.0 9.00 


8.62 
6.84 
6.00 


29.20 2.90 
23.20 4.64 
20.30 6.10 





*For 1000 hp, 2000 rpm, 4/1 gear ratio. 


oh ‘aa 
Ss 


EN 


2, 


| 





MACHINE DESIGN—October 1954 







































Technical data sheets on 
babbitt-lined bearings will 
be sent free on request. 






BRONZE- 
ON-STEEL 





SHEET BRONZE 
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Because of the many 
inherent properties of babbitt as a 
bearing material, it fits into numerous 
applications. Babbitt provides a 
natural low coefficient of friction, easy 
conformability, high imbeddability, 
good wettability with lubricants, and 
high corrosion resistance to most oils. 
Coupled with these features, bronze 
or steel backing gives the necessary 
strength to the bearing. The alloy of 
lead-base or tin-base babbitt and the 
backing metal can be selected to meet 
operating conditions. 

Through long years of research and 
experience, Johnson Bronze has 
developed a method of combining 
babbitt and either bronze or steel into 
a durable, lasting bond. This, together 
with the knowledge of the relative 
thicknesses of babbitt and backing for 
utmost efficiency and high quality 
workmanship, assure you of long, 
satisfactory service from Johnson 
Babbitt-Lined Bearings. Our engineers 
will gladly consult with you on pro- 
posed applications. Write for an 
appointment. 


JOHNSON BRONZE COMPANY, ' 
525 South Mill St., New Castle, Pa. 


CAST BRONZE ALUMINUM 


Plain or graphited Copper Alloy Self-Lubricating Plain or graphited AlLOY 
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a compressive stress in a thin sur- 
face layer, but there is no gain in 
hardness. Shotpeening also may be 
used on carburized or nitrided sur- 
faces, where it sometimes decreases 
the effect of small surface scratch- 
es caused by previous machining. 


Comparing Manufacturing Proc- 
esses: A comparison of physical 
data of gears made by different 
processes is shown in Table 1. The 
numerical values in this table 
should be taken only as typical, not 
as definite limits. The important 
difference is in the allowable 
stresses which determine the size of 
the gears. 

If the designer is free to choose 
the manufacturing processes for 
his gears, the dimensions of the en- 
tire gear drive may be subject to 
considerable reductions. Where the 
distortions of the carburizing proc- 
ess can be corrected by subsequent 
tooth grinding, the gear will have 
optimum physical and dimensional 
characteristics. 


Cost of Gears: Where costs of 
ground gears versus cut gears are 
compared, the complete design 
from the initial concept must be 
taken into consideration. Cut gears, 
of course, eliminate the cost of 
carburizing and grinding. Howev- 
er, cut gears will be considerably 
larger in all dimensions. This 
means greater cutting cost. For 
final surface finish and tooth 
form a shaving operation usually 





must be performed after cutting. 
The housing and bearing structure 
will be more expensive, owing to 
the increased dimensions, and as- 
sembly, shipping and installation 
will be more costly for a larger 
and heavier unit. In many cases, 
the outside dimensions of the gear 
case may have a limiting influence 
on the design of the prime mover 
and the driven machine. 


Carburized and ground gears 
may be designed with considerably 


smaller dimensions than cut gears, 
and thus the entire drive will have 
the economic advantage of a more 


compact and light unit. Machining 
cost will be saved on all parts of 
the drive assembly, cutting cost of 


the gear teeth will be lower, and 


shaving is eliminated. The cost of 


carburizing and tooth-grinding are 
the only important additions, but 
they are likely to be more than 
compensated for by savings in ma- 
terial, machining time and easier 
handling. 


Reduction in Dimensions: Consid- 
erable reduction of over-all dimen- 
sions of a gear drive can be ob- 
tained if the load is distributed 
over several gear meshes. This is 
the case in planetary drives, where 
a number of pinions are arranged 
concentrically around the sun gear. 
Illustrated in Fig. 1 is a compari- 
son of typical sizes of single-mesh 
versus planetary drive for an in- 
put speed of 2000 rpm, 1000 hp, and 
4/1 gear ratio. A comparison of 
the dimensional data for three dif- 
ferent ratios of face width to di- 


Designing Drives and Controls Using .. . 


Electromagnetic 


Multiple-Disk Clutches 


By H. B. Stallings 


1-T-E Circuit Breaker Co. 
Philadelphia, Pa. 


ODAY, the electromagnetic 
multiple-disk clutch is used in 
drives for machine tools, special 
machines such as textile and knit- 
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ting machines, automatic trans- 
missions for buses and large 
trucks, and reversing duty for ship 
propellers. Many other uses are 


ameter is shown in Table 2. 

High-power planetary reduction 
gears are presently used in some 
(mostly foreign) installations, and 
several large units for military ap- 
plications are under development 
by American firms. Existing units 
operate at several thousand horse: 
power, with input speeds up to 
around 25,000 rpm. This type of 
design has been made in gear ra- 
tios of about 3/1 to 12/1 in one 
stage, at power ratings of 20,000 
hp and more, with input speeds up 
to 30,000 rpm. Characteristic for 
this design is the full-floating 
mounting of the internal gear, 
which permits it to align itself 
with the planets for concentricity 
and equal load distribution. 

Extensive use of carburized and 
ground gears for reduction drives 
of high-power ratings is a current 
trend of development. It may be 
expected that, particularly in con- 
nection with improvement of gas- 
turbine designs, high-power, high- 
gear-ratio planetary drives will be 
manufactured for most stationary 
and marine applications. Aircraft 
drives, with gear ratios up to 100/1 
in three planetary stages, with 
several thousand horsepower, have 
already proved the importance of 
optimum co-ordination of gear de- 
sign, manufacturing methods, and 
quality control. 

From a paper entitled “Manufac- 
turing Methods of Power-Transmis- 
sion Gears and Their Influence on 
Design Considerations” presented 
at the ASME Semi-Annual Meeting 
in Pittsburgh, Pa., June, 1954. 


a 


\ 


being contemplated, such as over 
drives for automobiles, fan drives, 
cranes and hoists. 


Clutch Design: In Fig. 1 the 
main parts of the clutch are 
shown. On the clutch body, with 
the imbedded clutch coil, is show! 
the slip ring, and the brus” for 
conducting current to the coil. 
Only one brush is used, as one 
coil lead is connected to the clutch 
body. 

The magnetic flux path is show? 
in Fig. 2. The flux flows tran 
versely through the laminations, 
which are made of steel with rela- 
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“‘Economy...counts not in savings but in selection.’’—Edmund Burke 


Economy through Efficiency 


Gits Unit Seal proves itself in dependable performance over a wide 
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pressure applications. Operation at peak efficiency always means 


dollars-and-cents savings. 


Economy through Adaptability and Versatility 


OT TM ClTTMe to] Mitr Muitolab ame] o)olilaelilolat Mel MoM Ticlalelolgeir4-to ML -Tui) actually 
carried in stock. You harness the savings of mass production to your 
own specific needs. Gits Unit Seal already has wide application in 
the following fields: Washing Machines, Disposal Units, Gear Motors, 
Speed Reducers, Aircraft Turbine Pumps, Accessory Drive Units, Jet 


Propulsion Units, Electrical Power Equipment, Automotive Accessories, 





Business Machines, Standard and Special Machine Tools. 


Economy through Long Life 


Gits Unit Seal is designed for maximum life in any recommended 


application. Here's the real ‘‘proof of the pudding” in saving money. 


Write Today For FREE Illustrated Brochure, 
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enced engineering staff is at your service. 


“Cartridge ‘Seal : requiring only 25%. 


more space than lip-type seals 











GITS BROS. MEG. (Co. 


1868 S. Kilbourn Avenue Chicago 23, Illinois 
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tively high permeability. 

Magnetic flux when the coil is 
energized causes a pull between 
the body and armature. The arma- 
ture is forced against the body and 
compresses the lamination stack. 
Torque which the clutch can trans- 
mit is a function of magnetic pull 
(compression force), coefficient of 
friction between the mating sur- 
faces in the lamination stack and 
number of mating surfaces in the 
stack. No external operating force 
is transmitted to the shafts or 
bearings, and these parts are thus 
unaffected by closing force of the 
clutch. The electromagnetic mul- 
tiple-disk clutch is self-compensat- 
ing for lamination wear. 

For the clutch to disengage in 
a reasonable time, laminations 
must be forced apart after mag- 
netic force is removed. For this 
reason, one-half of the laminations 
are wave-formed and act as 
springs to force the laminations 
apart. In closing the clutch, mag- 
netic pull must be greater than 
the spring tension in order to flat- 
ten the laminations and obtain 
maximum torque. 


Clutch Operation: Before the 
clutch coil is energized, the clutch 
is operating at the residual torque. 
This torque is present in all lami- 
nated clutches. For this clutch 
residual torque is approximately 
1 per cent. 

When current is applied, torque 


SUP RING 


MAGNET— 
BODY 


MAGNE T ——— 


COIL 


DRIVING 


Fig. 2 — Schematic SHAFT 


cross section of the 
clutch 


MAGNETIC ~ 
PATH 


increases to the actual starting 
torque, which is the maximum 
torque the clutch can start against. 
This torque is determined by the 
dynamic coefficient of friction of 
dry steel surfaces in motion. As 
speed difference between the lami- 
nation surfaces decreases, coeffi- 
cient of friction increases to the 
static value. Transition between 
the two coefficients of friction is 
not uniform but takes place in a 
violent oscillating pattern until the 
laminations lock together. This 
phenomenon makes the electro- 
magnetic multiple-disk clutch 
abrupt in its closing operation. 
When soft engagement is a re- 


Fig. 1—Expanded view of electromagnetic multiple-disk clutch 
showing, from the left to right, the armature, the lamination stack, 
an inner lamination, an outer lamination and the clutch body 
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quirement it should not be used, or 
special consideration should be 
given to the control circuit of the 
clutch. 

On opening the coil circuit, cur- 
rent decays very rapidly. How- 
ever, transmitted torque is main- 
tained for 0.055-second because 
the laminations must be forced 
apart. 

Operation time of the clutch 
when closing can be divided into 
two parts. First is the closing 
time, which is the time from the 
energizing of the clutch coil until 
the air gap is closed. Second is 
the clutching time, which is the 
time from air gap closing to the 
time laminations are locked to- 
gether. 

Closing time is constant for any 
clutch type or rating. Clutch 
time is variable and depends on 
the flywheel effects of the parts 
being accelerated and the steady- 
state load torque the clutch must 
transmit during starting. 

During clutching time, load of 
the clutch always reaches the 
maximum starting torque. If 
steady-state torque of the clutch 
is high, torque available for accel- 
eration of the masses to be started 
is small and therefore the ciutch- 
ing time becomes long. If useful 
torque transmitted by the clu‘ch is 
equal to or greater than starting 
torque, starting time will be it 
finite. 

Time-torque curves shown it 
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Modern methods like automatic welding produce part of the extra 
value built into Continental weldments. The automatic welding 
head manipulator shown above was especially designed by 
Continental to give standard automatic welding still greater versa- 
tility. It lays precise amounts of weld metal per foot with definite, 
uniform penetration. It offers far wider travel both horizontally 
and vertically—does more jobs per set-up at lower cost. 

Heavy duty welding manipulators also serve to put work pieces 
in the most favorable position for best welding techniques. Methods 
like these make the valuable difference in Continental Weldments. 


COMPLETE ROLLING MILLS - ROLLS 
STEEL CASTINGS » WELDMENTS 
BOILER CONTROLS AND CLEANING 


Plants at 
East Chicago, Ind. « Wheeling, W. Va. + Pittsburgh, Pa. 
Copes-Vulcan Division: Erie, Pa. 


CHICAGO «¢ PITTSBURGH 





for Brochure D on 
Continental Weldments. 
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Fig. 3 are determined from the 
following formula for clutching 
time: 







Wr2n 
44,300 (T, — T;) 











where 







t = time, seconds 
Wr? = flywheel effect of acceler- 

ated parts, Ib-in? 

n= (m, — M2) = differences in 
speed before and after 
clutching, rpm 

T, = maximum starting torque, 
lb-ft 

T, = steady-state 
lb-ft 













load torque, 






To this clutching time must be 
added the closing time to obtain 
total engaging time of the clutch. 

Curves are drawn for a clutch 
with a rated starting torque of 70 
lb-ft. Peak starting torque is 
70 per cent higher or 120 lb-ft, 
but as this ultimate value varies 
somewhat from clutch to clutch, 
a value of 100 lb-ft has been used 
in the formula as 7:, giving mar- 
gin of safety of approximately 20 
to 25 per cent. Curves are drawn 
for a speed differential of 1000 
rpm. If the steady-state load 
torque varies between 0-70 Ib-ft 
and the flywheel effect is small, 
total operating time varies very 
little. Above a steady-state load 




















Actual starting torque 


torque of 70 lb-ft the curve flat- 
tens out very rapidly and the op- 
erating time becomes long. As 
most clutches in a rough sort of a 
way should not exceed a clutching 
time of 1% seconds, it is recom- 
mended not to use this clutch for 
a steady-state load torque over 70 
lb-ft. As is very often the case 
in machine tools, the machine is 
started up without load (cutting). 
In this case a flywheel effect of 
6650 lb-in.2 can be accelerated 
after which the machine can be 
loaded safely to 140 lb-ft steady- 
state torque. 


These calculations show what the 
clutch can handle as far as a com- 
plete start is concerned, but it 
does not show how often a start 
can be made. This is of course 
determined by how well heat de- 
veloped during the start is re- 
moved from the clutch. Maximum 
operating temperature of the coil 
is 125 C and of the clutch lami- 
nation approximately 200 C. Tem- 
perature above this limit eventual- 
ly will cause permanent damage to 
the clutch. 

When multiple-disk electromag- 
netic clutches are used for chang- 
ing speeds, time required for the 
speed change can be determined by 
adding time of opening and clos- 
ing together, and adding any time 
delay between control currents of 
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Fig. 3—Clutching time for various steady-state loads and flywheel 
effects. Differential speed n = 


1000 rpm 





Fig. 4—Gear transmission 
for 27 output speeds using 


nine electromagnetic 


clutches 


the opening and closing circuit. 

With an induction-motor drive 
starting torque of the clutch 
should be equal to rated torque of 
the motor. However, if this drive 
is overloaded by accident, some 
means to protect the clutches is 
needed, e.g., by a shear pin or 
some other clutching means open- 
ing under overload. Otherwise, 
the clutch might slip before the 
motor reaches its stalling torque 
and permanent damage might be 
done to the clutch: 


Drive Applications: By using a 
combination of clutehes and gears 
a drive can be ‘produced which will 
deliver several fixed output speeds 
with a constant input speed. In 
Fig. 4 is a simple gear box with 27 
different output speeds utilizing 
only nine clutches. There are no 
sliding gears or any other me- 
chanical clutching means. Output 
speeds are obtained automatically 
by proper electrical control circuits 
and without stopping the machine. 

Many other gears and clutch 
combinations are, of course, p0s- 
sible and any number of speed 
variations can be obtained by 
proper selection of the gears, Fig. 
5. The only limiting factor is that 
care must be taken that none of 
the clutches operate at a greater 
differential speed than that speci- 
fied by the manufacturer. 

Further refinement can be made 
by using multiple-speed motors, 
and the drive can be reversed eith- 
er by installation of reversing 
gears with clutches or by reve'sing 
the motor. If two clutches on the 


same shaft are energized simul- 
taneously, breaking action will 
Thus gear 


take place. boxes 
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On the NEW Warner & Swasey 


Automatic Chucking Machine 








Turret is accurately 


RAPID TRAVERSE 
MOTOR 


MAIN DRIVE 
MOTOR 


positioned in one second 


by Star-Kimble Brakemotor 


Turret of this production-speeding Warner & Swasey 
2AC Machine—with turret-and-tool weight of 1250 
pounds-——is rotated 72° after each operation by a 
standard 1 hp Star-Kimble Brakemotor . . . and is 
accurately positioned for the next operation within 
] second! Fast, time-after-time precision stops of 
the Star-Kimble design make this possible. 


FOR THE RAPID TRAVERSE, too—calling for 
turret-and-tool movement at 4 inches per second, 
with a maximum of 10 starts and stops in 45 sec- 
onds—Warner & Swasey has selected a completely 
special Star-Kimble 1% hp construction designed 
both for this severe service and for the limited space 
available in the machine column. 


AND FOR THE MAIN DRIVE MOTOR, which is 
selected by the customer, many purchasers of 2AC 
automatic chucking machines are specifying a 15 
hp Star-Kimble dripproof squirrel-cage motor of 
basically standard construction, with special elec- 
trical characteristics specifically designed for this 
application. 


These three types of motors are typical of Star- 
Kimble's ability to supply: standard motors for which 
all parts and subassemblies are carried in stock; 
modified types which can be economically produced 
in small quantities; and completely special designs 
in volume runs. Your inquiries on your specific 
requirements are invited. 


Standard and special motors of all types, 1 to 125 hp; generators and 
motor-generator sets, 1 to 100 kw; marine motors, “2 to 125 hp. 


Star-Kimble MOTOR DIVISION 


MIEHLE PRINTING PRESS & MFG. CO. 


201 Bloomfield Avenue 
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equipped with multiple electromag- 
netic clutches do not need a sepa- 
rate brake to stop the machine. 


Control: Watt consumption of 
these clutches is so small that tele- 
phone relays can be used for con- 
trol. This offers advantages in 
machine-tool control because the 
telephone relay, besides being 
small, is very reliable. Further- 
more, telephone relays can be ob- 
tained with all kinds of contact 
combinations and time delays, on 
closing or opening, or both. Step- 
ping relays can be used for proper 
sequential operation, and mainte- 
nance of such a control system 
becomes extremely simple if plug- 
in type relays are placed in the 
clutch circuits. 


Oiling and Cooling the Clutch: 
The clutch is designed to operate 
under oily conditions. Oiling of 
the clutch can be done by drip, 
spray, fog or running the clutch 
slightly submerged in oil. Heat 
dissipation from the clutch can be 
increased materially if the clutch 
is lubricated by using a hollow 
shaft and radiating oil from the 
hollow center to passages distrib- 
uting oil to the inside of the lami- 
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nations. From here centrifugal 
force will force the oil through 
the laminations to the outside sur- 
faces. 


Slip Ring and Brushes: The 
problem of transferring current 
from a stationary brush to a mov- 
ing slip ring under oily conditions 
is a formidable one and is the one 
problem which has not been com- 
pletely solved. As oil is an insu- 
lator, electrical current cannot 
pass through an oil film. If arcing 
takes place both the brush and 
slip ring are very quickly de- 
stroved. 

A practical solution to the prob- 
lem is to use brushes made from 
very fine woven metallic wire mesh 
and then arrange two brushes con- 
centric with each other. Both 
brushes make contact with the 
slip ring and each brush is forced 
against the slip ring by independ- 
ent springs. As the masses of the 
brushes are different, the two 
brushes have different natural fre- 
quencies of oscillation and the pos- 
sibility of both brushes leaving the 
slip ring simultaneously is very 
slight. Furthermore the outer 
brush acts as an oil scraper and 
removes the oil film from the slip 
ring so that the center brush 
makes metallic connection under 
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Fig. 5—Top view of two-speed gear box—input at left, output at 
right. Energizing upper clutch permits direct drive; energizing lower 
clutch permits drive through back gear 








dry surface conditions. 


Control Circuits: Since the 
clutch is only supplied with one 
slip ring it has been the practice 
on the Continent to let the coil 
current return to the power source 
by means of the shaft on which the 
clutch is mounted and through the 
antifriction bearing locating the 
shaft in the gear housing. This 
arrangement has given very little 
trouble. Manufacturers of anti- 
friction bearings in the United 
States, however, have taken the 
standpoint that if current is passed 
through their bearings, the bear- 
ings are no longer guaranteed by 
them. Actually, an antifriction 
bearing is a good conductor of cur- 
rent’ provided that metallic con- 
nection is always present between 
the races and the ball or rollers, 
depending on what type of bearing 
is used. 

Just to bypass the bearings by 
means of a grounded brush on the 
shaft will not eliminate the current 
flowing through the bearings. Re- 
turn current will divide itself be- 
tween the two paths in inverse 
relationship to the resistance of 
the two paths. 

A simple method of eliminating 
all possibility of current flowing 
over the antifriction bearing is ob- 
tained by using one single brush 
riding on the shaft mounting sev- 
eral clutches. This brush must be 
insulated from the gear-case hous- 
ing and connected directly to the 
current source of the clutch. In 
all events the casing of the ma- 
chine is grounded as a _ safety 
measure but this grounding of the 
case does not permit current to 
flow over the bearing as long as 
the current source is_ insulated 
from the case. 

To avoid any possibility of leak- 
age current through the bearing 
when several shafts equipped with 
clutches are mounted in the same 
housing, a separate current source 
should be used for the clutches 
mounted on each separate shaft. 
Current source is usually a small 
dry-type rectifier fed by 4 small 
transformer connected to the in- 
coming line to the machine. 

From a paper entitled “The Elec- 
tromagnetic Clutch—Its Operation, 
Application and Control” pr« sented 
at the ASME Fall Meeting in Mil 
waukee, Wis., September, 1954. 
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FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 


Kaydon Radial Ball Bearing 
20.125" x 25.125” x 1.250 





EXTRAORDINARY, THIN-SECTION BEARINGS... AN 
EVERYDAY ASSIGNMENT FOR KAYDON ENGINEERS 


Details of unusual bearing 


This _pecial, thin-section bearing is typical of the outstand- 
shown above — 


ing job KAYDON does to solve tough bearing design problems. 
Bearings of this particular type are currently being adapted 
by KAYDON for a host of aircraft, radar equipment, and guided 
missile applications. Check the sketch at the right. Note 
the unusual 14” flanges and the fact that the gear teeth ex- J) 
tend through only 130°. Then, too, this bearing features J) 
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integral seals which are built into the bearing. Ae 


When you're faced with a difficult problem involving PD H7EN 


special bearing design, take advantage of KAYDOWs special- 


YK SA 


ized experience in developing and mass-producing thin- 
section and special high-precision bearings. Write, wire or 
phone. A KAYDON expert will be pleased to cooperate, help 
you get the job done faster, better and probably at Iess cost. 


Just Out! Get your copy of the new KAYDON 
Reali-Slim thin bearing catalog No, 54. 


KAYDON Types of Standard and Special Bearings: 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
® Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings*® 

ENGINEFERIN G cO RP. 
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Helpful Literature 





(Continued from Page 298) 





38. Tubes & Tubular Assemblies 

Elano Corp.—Facilities for producing formed 
tubes and tubular assemblies are covered in 
illustrated 4-page bulletin. Examples of var- 
fous assemblies are shown. 


39. Powder Metallurgy 

National Radiator Co,., Plastic Metals Div.— 
Brief introduction to art of powder metallurgy 
is provided by 4-page bulletin No. 1. It de- 
scribes general types of metal powder offered 
by company, stresses large number of grades 
required for different applications and lists 
some of uses for metal powders. 


40. Thermostatic Slide Rule 

Mechanical Industries Production Co.—Suit- 
able formulas for calculating applications for 
Mighty-Mite thermostats are found on this 
slide rule. It incorporates all nine standard 
scales, including Cl reciprocals, and meas- 
ures 10 x 4 in, Trigonometric formulae for 
right triangles, sines and limits of value and 
other settings are included. 


41. Precision Cams 

Ford Instrument Co.—Wide variety of types 
and sizes of cams for practically any kind 
of application are described in 4-page illus- 
trated bulletin CB-754. Two groupings are 
covered: three-dimensional (two inputs) and 
single-input cams. Construction, application 
and general data are provided. Production 
facilities are detailed, 


42. Rockweli Hardness Testers 

American Chain & Cable Co., Mechanical 
Instrument Div.—Engineering, use and de- 
sign data found in comprehensive, illustrated 
catalog covers a normal hardness tester, su- 
perficial tester, accessory and special tester 
and micro and macro hardness testing units. 
Testers handle all types of metals and alloys, 
hard or soft, polished or unpolished, flat, 
round, or irregular. 


43. Handles & Clips 

E. H. Titchener & Co.—Full size illustrations 
of 73 different styles and types of standard 
handies and clips are shown in 20-page hand- 
book ‘‘Wire Handles by Titchener.’’ A wire 
size chart shows actual diameters of stand- 
ard wire gages. 


44. Power Transmission Equipment 

American Pulley Co.—Brief descriptions of 
Wedgbelt and Shaft-King speed reduction 
drives, adjustable speed sheaves, steel split 
pulleys, conveyor pulleys, Econ-O-Matic mo- 
tor bases, individual cotton card drives, Hi- 
Torque pulleys, collars and shaft hangers are 
found in 4-page illustrated bulletin ‘‘Power 
Transmission by American.’’ 


45. Special Electrical Components 

Ram Meter, Inc.—Special purpose electrical, 
electro-mechanical or electronic components 
and devices, none of which are stocked, are 
subject of illustrated brochure P54. Typical 
examples are described and specific results 
specified for them are given. 


46, Snap Action Switches 

Acro Mfg. Co., Acro-Mu Switch Div.—36- 
page illustrated catalog No, 98 contains gen- 
eral data, engineering information and spe- 
cifications for extensive line of snap-action 
switches. Various types of actuations, mount- 
ings and brackets are detailed. 


47. Needle Valves 

Foxboro Co.—Design details and operating 
characteristics of line of needle type valves 
are explained in 8-page bulletin 5C-13. Valves 
are designed for precise control of low flow 
rates. Table of nominal needle sizes with 
corresponding valve coefficients and formulas 
for calculating valve size for use with liquids, 
gases and steam are included. 


48. Pilot Bearing Bushings 

Donley Products, Inc., J. G. Jergens Div.— 
Precision piloting applications of Jergens live 
bushings on boring mills, radia! drill presses, 
and milling machines are illustrated in 8-page 
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catalog which features questions and answers 
on uses and performance features. Absolute 
seal principle is described as well. 


49. Ball-Bearing Swivel Joints 

Chiksan Co.—32-page catalog G-4 covers 
complete line of ball-bearing swivel joints, 
loading racks, manifolding lines, all-metal ma- 
rine and barge hose and flexible aircraft as- 
semblies. In addition to dimensional and 
operating data, piece illustrates typical indus- 
trial application of this equipment. 


50. Work Holding Fixtures 

Jefferson Corp., Swartz Tool Products Div.— 
Precision work holding fixtures for use on 
in-line transfer machines, rotary and trunnion 
index machines, single station machines are sub- 
ject of 8-page illustrated bulletin. Various 
installations are shown. In addition to de- 
signing and building special fixtures company 
also makes line of standard pump jigs, fix- 
tures and fixture locks. 


51. Centrifugal Pumps 

Gorman-Rupp Co. — O series of centrifugal 
pumps that prime is described in illustrated 
12-page bulletin 4-PP-11. Cutaway drawings 
show design and operation. Units are avail- 
able for vertical, power take-off, gasoline 
engine, and flexible coupling drives. Engi- 
neering information, specifications and selec- 
tion tables are included, 


52. Servo Motors 

G-M Laboratories Inc.—Sizes of servo mo- 
tors and tachometer generators listed in 4- 
page illustrated catalog No. 4 range from 
0.980 to 1.70-in. diameter and are for use 
on 60 and 400 cycles at voltages from 26 
to 115. Specifications are given. 


53. Air Conditioning Equipment 

A-P Controls Corp.—Latest information re- 
lative to A-P line of valves, filters and 
dryers for the air conditioning and refrigera- 
tion industry is found in condensed catalog 
W-2-S. Complete product specifications, charts, 
how-to-select information and sales data are 
provided. 


54. Electric Motor Controls 

Furnas Electric Co.—140-page electric motor 
control catalog No. 101 lists more than 2700 
items among which are magnetic starters and 
contactors, combination starters, control panels, 
drum controllers and master, foot and pressure 
switches. Primarily divided by major clas- 
sifications, catalog contains engineering and 
design data, including wiring diagrams. 


55. Roller Chain & Sprockets 

Diamond Chain Co.—‘'Stock Roller Chain 
and Sprockets’’ is title of 64-page illustrated 
catalog 754 which covers a complete line of 
these items. Line includes minimum bore 
sprockets for reboring as well as finished 
bore and Taper-Lock bushed sprockets which 
are ready to use. Chain selection and ap- 
plication data are included in the catalog. 


56. Engines & Power Units 

International Harvester Co. — Complete 
specifications, performance data and general 
description of five four-cyliader, four-cycle 
International engines are provided in 12-page 
bulletin CR-355-A. Models covered are 14.5, 
34, 31.5, 41 and 55-hp units which will oper- 
ate on gasoiine, natural gas, distillate or 
kerosene. 


57. Clutches & Drives 

Twin Dise Clutch Co.—‘‘Production Road’’ 
magazine features highlights of Twin Disc 
textile machinery drives and gives details on 
the Hydro-tensor, a loom liet-off, and model 
PT air-actuated loom friction clutch, as well 
as the Hydro-Wynd and Hydro-Sheave drives. 
Other sections feature stories on powered 
equipment used by various basic industries. 


58. Solenoids & Relays 

G. H. Leland, Inc.—Typical applications for 
Ledex rotary solenoids and relays are described 
in 6-page bulletin 354. Highlights include 











drawings of standard and special features, a 
torque chart and dimensional drawings of foot 
and flange mounted relays made from stock 
parts. 


59. Relief Valves 

F'u'd Control. Inc.—Catalog sheets de- 
scribing line of differential piston-type relief 
valves are available alone with diagram illus- 
trating their use in typical circuit. Valve is 
recommended for critical applications in which 
failure to hold pressure is hazardous. 


60. Gears, Sprockets, Shafts 

Penn Machine Co.—Details of company’s 
planning procedures, engineering facilities, test- 
ing and tion prc are included in 
24-page brochure. Company specializes in 
gears, sprockets, shafts, bronze castings and 
similar parts. 


61. Worm Gear Drives 

Cleveland Worm & Gear Co.— ‘‘Keep 'Em 
Rolling’ is title of &-page bulletin which 
illustrates application of worm gear drives and 
speed reducers in steel mill runout tables, 
hydraulic cutter dredges. lacquer mixing tanks, 
feeder tables and bending rolls. 


62. Four-Cylinder Engines 

Willys Motors Inc.—S8pecifications, features 
and dimensions relative to two four-cylinder 
industrial engines are given in 6-page folder 
W4-LM. An L-head model which develops 
60 hp at 3600 rpm and an F-head engine 
which is rated 70 hp at 4000 rpm are de- 
scribed. 


63. Vulcanized Fibre 

National Vulcanized Fibre Co. — Featured 
characteristics of vulcanized fiber, a rough, 
resilient plastic with great mechanical strength 
and good electrical properties are pointed out 
in 8-page booklet ‘‘Meet ‘Sherlock’ Fibre.” 
Material is offered in sheet, rod and tube 
form as well as in finished component parts. 


64. Shaded Pole Motors 

General Electric Co.—Line of shaded-pole 
fractional horsepower motors for fan and 
blower applications is described in 10-page 
bulletin GEA-6134. It illustrates features and 
applications of these units rated from 1.5 W 
through 1/6-hp and gives complete specifica- 
tions and operating characteristics, 


65. Six Contact Connector 

DeJUR-Amsco Corp.—Schematics, mechanical 
and elecirical ratings and detailed description 
of the FHL-6 high voltage, six-contact connec- 
tor are provided in 2-page data sheet 12D. 
Voltage breakdown at sea level is 4000 v rms, 
at 60,000 ft, 1800 v rms. 





66. Hydraulic Equipment 

Detroit Harvester Co., Warner Hydraulics 
Div.—Company facilities for design, develop 
ment and manufacture of precision hydraulic 
equipment are illustrated in 6-page folder. 
Services include product design and evelop- 
ment, production assembly and testing and 
precision machining of intricate parts 


67. In-Line Valves 

Numatics Operating Valve—New ‘ine of 
Numatic in-line valves with two and three 
way normally open and normally closed actions 
are introduced in illustrated 8-page  ulletin 
4010-4010. Valves are solenoid-controlle:. pilot- 
operated or remote air pilot-control!-«d and 
come in %, %, %, % and l-in. siz. 


68. High Pressure Valves 

Atkomatic Valve Co.—Features of br nze oF 
stainless steel pilot operated and direct lift 
solenoid valves for high pressure app! rations 
are illustrated in 4-page bulletin H” 201. 
Operating pressures range up to 5000 psi at 
150° F and 2500 psi at 450° F. 


69. Rotary Air Motors, Pumps 

Gast Mfg. Corp..—26 product problem solved 
with rotary design air motors, compressu's and 
vacuum pumps are featured in 12-paxe bul- 
letin 449. Booklet is intended as 50 idee 
source to aid design engineers. 
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in your DRIVE for lower costs 


for 
construction 
machinery 


for 
farm 
implements 


Leaf Chains 


for flexible couplings 


And for any drive application, Chain Belt has a size 
and type of chain and sprocket that can help you in 
your drive for lower costs. Your Chain Belt District 
Sales Engineer will be happy to assist you in your 


Adbvous the one best chain 


for each service 


CHAIN sect 


CcCcomMmMPAWN W 
District Sales Offices in all Principal Cities 
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for 
packaging 
machinery 


for 
lift 
trucks 


self-aligning 
bearings 


drive and conveyor chain, sprocket, flexible coupling, 
and self-aligning roller bearing selections to get lower 
costs, improved performance and longer life. Call him 
or mail the coupon below today. 


CHAIN BELT COMPANY 

4643 W. Greenfield Ave., 

Milwaukee 1, Wisconsin 

I want data on chains fora 

(0 Send literature on; [J Chabelco Chains; [J Roller Chains; 
(0 Detachable Chains; (1) Double Pitch Chains; [J Leaf Chains; 
(CO Flexible Couplings; [1] Bearings; [J Sprockets. 

(0 Have a Chain Belt Man call. 


usenseenenarenerenmmenesenand 








Locknut 


Tooth-like elements in the flanged 
base of this washer type locknut 
pierce nonconducting materials to 
achieve an electrically grounded as- 
sembly. One-piece locknut and flat 





washer exerts a double locking 
spring action on the screw threads. 
Teeth of the washer engage the 
metal seat. Fasteners are available 
in No. 10-24 and 1,-in.-20 sizes. 
Made by Palnut Co., 61 Cordier St., 
Irvington 11, N. J. 


For more data circle MD-70, Page 297 


Speed Reducers 


Compact worm gear speed re- 
ducers have large capacity. CB, 
CT and CV designs are each made 
in 13 sizes. First five sizes in 1/100 








to 5-hp range, in ratios from 5:1 
to 60:1, are now available, and 
others will be in production soon. 
All fulfill AGMA standards, hav- 
ing gears, bearings and shafts rated 
for AGMA Class 1 service. Surface 
area provides ample heat radiating 
capacity. Made by Winsmith Inc., 


10 Eaton St., Springville, N. Y. 
For more data circle MD-71, Page 297 


Miniature Connectors 


Shell types available in series K 
connector line include straight, 90- 
deg angle and 45-deg angle plugs, 
all with integral clamps. A stand- 
ard KO2 box mounting receptacle 
and hermetically sealed _ recep- 





















tacles with steel shells are also 
available. Shells for plugs, re- 
ceptacles and endbells are light- 
weight aluminum alloy, contacts 
are gold-plated copper alloy, and 
insulators are nylon. Current rat- 
ing is 5 amp. Inserts are current- 
ly available with 10, 20 and 30- 
contact arrangements. Connectors 
withstand temperatures from —67 
to 185 F and are resistant to mois- 
ture, corrosion and vibration, They 





meet MIL-E-5272A and MIL-C- 


5015B specifications. Made by 
Cannon Electric Co., 3209 Hum- 
boldt St., Los Angeles 31, Calif. 


For more data circle MD-72, Page 297 


Motor Restarter 


Type OFC time delay pushbut- 
ton station Condulet restarts mo- 
tors automatically if starter dis- 
connects because of low voltage or 
voltage failure. Device is preset 
to operate within time limits of 
2, 4 or 6 seconds. Designed for 
use in hazardous locations, device 
is explosion-proof and dust-tight. 
Pushbutton switch, capacitor, rec- 
tifier, sensitive relay and control 
relay are incorporated in the de- 
vice, and a transformer for volt- 
ages exceeding 110 is supplied, 
with capacities of 220, 440 and 550 
v. Internal wiring includes two 
terminal blocks, one for field con- 
nections and another marked for 
2, 4, and 6 seconds to determine 
time delay. Body of the device 
has vertical through-feed hubs for 
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brass gate valves 

















= CRANE 


k NEW SHAPE... 
NEW STRENGTH 

















for 3 All-Time CRANE favorites 


Here are valves that didn’t have to be changed . . . because each has 
long been the best in its class. But Crane found ways of improvement 
to give you an even better buy for your brass valve dollars. 

For example—here is greater strength, greater rigidity, made pos- 
sible by the new cylindrical upper body . . . the same basic shape as 
high-pressure steel valves. Here, too, is an improved stuffing box that 
screws into the bonnet—also better stem support to assure truer 
, alignment and minimize wear on the packing. 

Z ISO s ’ And not to be overlooked is their clean, modern appearance—a 
; 3 . very desirable advantage for all of your “exposed” installations. 





















| 300 ORE” A Sizes % to 3 in. Ask your Crane Representative all about this im- 
y proved brass valve line next time he calls. 


just off the press... 


new four-page folder with 
complete facts including sizes, 
prices and dimensions. Send 
for yours today. Ask for Brass 
Valve Folder AD1944. 





Gave 














THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES - FITTINGS - PIPE - PLUMBING - HEATING 
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New Parts and Materials 





threaded conduit. Made by Crouse- 
Hinds Co., Wolf and Seventh 
North Sts., Syracuse, N. Y. 


For more data circle MD-73, Page 297 


Universal Shaft Coupling 


Joining of two 1,-in. shafts offset 
from each other as much as +30 
degrees and separated by more than 


3 in. is possible with this insulated 
universal shaft coupling. Molded of 
nylon with nickel-plated brass in- 
serts, the zero-backlash coupling 
is suitable for use in mechanical, 
electro-mechanical and electronic 
equipment. Made by Jan Hardware 
Mfg. Co. Inc., 75 N. Eleventh St., 
Brooklyn 11, N. Y. 


For more data circle MD-74, Page 297 


Air Motor 


Cylinder, four-way valve and 
wide variety of valve controls are 
combined in compact Lehigh air 
motor which requires only one con- 
nection to air source. Unit’s sealed- 
in lubrication system consists of 
oil-filled, hollow pistons sealed at 
the factory. Built-in valve can be 
operated manually or by air or 
electricity, or different means in 
each direction. Motor is available 
in bores of 114, 2 or 3 in. with any 
desired stroke. Valve body is 


bronze, valve piston is stainless 
steel, and bearing bronze slide 
valve moves on a steel bar stock 
base. Motors can be furnished with 
or without adjustable cushions at 
either or both ends of the cylin- 
der. All have adjustable vane speed 
control in both directions. Nine 
mountings are available and opera- 
tion can be on air up to 200 psi. 
Made by Air Control Div., Lehigh 
Foundries Inc., 1500 Lehigh Dr., 


Easton, Pa. 
For more data circle MD-75, Page 297 


Motor Pulley 


Suitable for use on various types 
of machinery requiring infinite and 
automatic variable speed, No. 30 
Var’ A’ Cone variable-pitch motor 
pulley is small and compact. Unit 
offers 2 to 1 speed rat*> up to %- 
hp at 1750 rpm. Machined of cast 
iron, pulley uses A-section belts 
and has oil-impregnated bearings. 
Through-shaft mounting is easily 


accomplished. Made by Gerbing 
Mfg. Corp., 11800 Milwaukee Ave., 
Northbrook, IIl. 


For more data circle MD-76, Page 297 


Magnetic Disk Brake 


For use on NEMA rerated 3 to 
20-hp motors, H-70 magnetic disk 
brake is available in maximum 
torque ratings of 10, 15, 25, 35, 
50, 70, 75 and 105 lb-ft. It is de- 
signed to mount on new frame 
sizes 213 through 286 and is up 
to 15/16-in. shorter than previous 
brakes. Brake has manual re- 
lease-automatic reset wear indi- 
eator. The spring-set, solenoid- 
released brake is supplied for 


either horizontal or vertical mo- 
tor mounting or independent floor 
mounting and can have standard 
or dust-tight, waterproof enclos- 
ures. Made by Stearns Magnetic 
Inc., 653 S. 28th St., Milwaukee 
46, Wis. 


For more data circle MD-77, Page 297 


Overrunning Clutches 


Four standard sizes comprise 
line of series K extra heavy duty 
ball bearing overrunning clutches 
for indexing, backstop and machin- 
ery applications. Each has made- 
to-order bore and keyway sizes, 
the largest of which can be bored 
for shafts up to 5 in. diameter. 
Torque ratings for four models 
range from 1300 to 8000 lb-ft in- 
dexing, 2500 to 15,000 lb-ft gen- 
eral duty and 3000 to 20,000 lb-ft 
backstop. Typical applications are 
dual, two-speed, centrifugal water 
pump, and forced or induced fan 
drives. Holes are tapped in both 
ends for attaching sprockets, 
gears, pulleys or ratchet arms for 


drive requirements from 131’) to 
6000 lb-ft. Desired direction of 
rotation is obtained by attaching 
component to either side of the 
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ALEMITE 
cumeter 


lets you design automatic, fool-proof lubrication 
right into any machine— simply, economically. ..offers 
the operating savings industry will buy! 


Ac 














When a machine is designed with multi- 
ple lubrication fittings that require man- 
ual attention, the user of that machine is 
sure to encounter a number of problems. 
People being what they are, some bear- 
ings will be neglected, others over-lubri- 
cated. Further, hand lubrication is costly 
and valuable production time is lost 
when machines must be shut down 
for lubrication. 

You avoid all of these troubles 
with the Alemite Accumeter. This 
amazing valve fits directly on bear- 
ings — meters an exact shot of oil or 

13 
16 

















F 


FILTER 


@ Eliminates shutdown time for lubrication. 


@ Prevents bearing troubles due to neglect or use of wrong lubricant 


@ Se 


factory tested—field proved 
Exhaustive, in-the-field tests show no appreciable varia- 
tion in the amount of lubricant discharged after 73,312 
lubrication cycles—equal to 122 YEARS of twice-a-day 
service! 














grease automatically —at pre-determined 
intervals—while the machine is in opera- 
tion! Time, production and maintenance 
costs are cut to the bone! With all these 
advantages, it is small wonder that 95% 
of all major plants buying machine tools 
specify centralized lubrication. 


The Alemite Accumeter system is sim- 
ple to design and build into any machine. 
Automatic Accumeter Systems assure 
you positive, low-cost lubrication. Find 
out about these automatic systems now. 
See the savings, the efficiency they add 
and you too will specify Accumeter! 


















TUBING 


TYPE | 
ACCUMETER 















TYPE | 


ACCUMETER — 


BLOCK 













INDICATOR 







SWIVEL 


offers all these advantages! 








Adds productive time to machine output 





@ Seals completely against dirt, grit, water 
all the way from “Barre ing” 







rvices all bearings—including those inaccessible 
or dangerous—in one operation 





@ Avoids work spoilage and bearing 
repairs due to over-lubrication 
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What does 
"Ss. B..” 


mean to you? 

















To some, it means Sand 
Blasting . . . the big blow that 
gives old buildings that new 
look. But, to hundreds of 
industrial designers, it means 
Small Balis...at which 
Universal is best. 


Sure, we make balls from the 
size of a mustard seed up to 
that of a walnut, each of them 
precisioneered for true 
roundness and silken silence. 
Write for details. 








New Parts and Materials 





clutch. Made by Morse Chain 
Co., 7601 Central Ave., Detroit 10, 
Mich. 


For more data circle MD-78, Page 297 


Retaining Rings 


Two prongs extending from in- 
ner circumference of the open end 
lock this Truare radially-applied 
series 5139 retaining ring in its 
groove when fastened to a shaft. 
Spring steel ring has shape of 
bowed horseshoe. Sizes to ac- 
commodate shafts from 4 to %-in. 
are standard, and shear strength 
ranges from 500 to 2500 Ib. Fas- 
tener is positive-locking against 
radial displacement, permitting use 








as a shoulder against rotating 
parts. Illustration shows ring 
mounted on shaft, Fig. 1, and 
mounting and removing ring from 
shaft with screwdriver only, Figs. 
2 and 3. Made by Waldes Kohi- 
noor Inc., 47-16 Austel Pl., Long 
Island City 1, N. Y. 


For more data circle MD-79, Page 297 


Time Delay Relay 


Timing ranges of 1.5 to 120 sec- 
onds or 0.75 to 60 seconds are 
available in model MEK-2110 elec- 
tronic time delay relay. Double- 
pole, double-throw load contacts, 
rated at 5 amp, 115 v ac, are pro- 
vided for control of external cir- 
cuits. Repetitive accuracy, with 
constant line voltage, exceeds +2 
per cent. Factory-set calibration 


control compensates for variations 
due to tolerances in components. 
Load contacts can be de-energized 
during reset and timing and ener- 
gized when “timed out,” or this 
S2quence of operation can be al- 
tered. Sequences are obtained by 
interchanging terminal strip con- 
nections. Two or more relays can 
be connected together for complex 
timing sequences, and open or en- 
closed forms, as well as remotely 
adjustable units, are available. 
Made by Machinery Electrification 
Inc., Northboro, Mass. 


For more data circle MD-80, Page 297 


Solenoid Valves 


Compact, two-way solenoid 
valves, for controlling flow of air, 
gas, water, light oil and other non- 
corrosive fluids, are available nor- 
mally closed or normally open. 
Standard, watertight or explosion- 
proof enclosures are used. Normal- 
ly closed model measures 3 13/16- 
in. high and 2%34-in. face-to-face. 


They can be used on all standard 
de and ac voltages, and have a 10- 
Ww power consumption. Maximum 
pressure rating is 250 psi on aif 
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of Attachments 
Without Bleeding Hydraulic Lines 


INCLUDE AEROQUIP 
SELF-SEALING COUPLINGS 
IN YOUR ORIGINAL DESIGNS 


PT 
z 


Avoid the need for two shut-off valves. One 
compact Aeroquip self-sealing coupling does 
the job better. Pressurized hydraulic lines may 
be disconnected and reconnected instantly 
. no fluid gets out... no air gets in. 
interchange of hydraulic attachments is quick 


and easy. 


/- “tim 


a 
a 


Aeroquip self-sealing couplings are also rec- 
ommended for air, oils, fuels, coolants and 
other fluid lines. See your distributor or write 
us for information. 


==/eroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


LOCAL REPRESENTATIVES IN PRINCIPAL CITIES IN U.S.A. AND ABROAD « AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 


Aeroquip Self-Sealing Couplings are used to connect and disconnect pres- 


sure and return lines between tractor and trailer with hydraulic dump. 
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THE RELAY IS ON TO Cathe 











TYPE 
RELAYS 


TYPE 8-4C 


Functional communication equipment components with design 


ta 


emphasis on high performance and simplicity are worthwhile factors to 
consider when faced with weight, size and reliability restrictions imposed 


by high precision equipment control problems. 


Yes... THE Relay Is ON To Leach... Design Engineers are making 
these new, compact, versatile, special purpose miniature relays standard 
in communication equipment and many other commercial applications. 

These relays are designed to insure positive, long-life operation, have 
extremely low friction loss and withstand extreme vibration at minimum 


power consumption. 


Other applications include computers and other types of instrumenta- 
tion, electronic control circuits, plate circuits, remote controls, etc. 





CONTACTS: 
Palladium, standard. 
Various contact arrangements up to a maximum 
of 4PDT, 6PST, or 2D (Make-Before-Break) 
can be obtained by combinations of basis types. 


RATINGS: 


3 Amps. @ 32 VDC, resistive. 
3 Amps. @ 115 VAC, non-inductive. 


Type number 8—followed by contact designation. 


COILS: 
DC only —up to 8,000 ohms. 
Nominal, 2.9 Watts. 
Maximum, 3.85 Watts. 
Maximum sensitivity, 90 mw for SPDT; 750 mw 
for 4 PDT. 
Typical Coil: 235 Ohms. + 10% for 26.5 VDC. 


INSULATORS: 
XXX Phenolic, standard. 


VIBRATION: 
10 G to 55 CPS. 


SHOCK: 
25G. 


WEIGHT: 
2.25 ounces. 


DIMENSIONS: 
Length 1%!’ height 1',/’ 
width 5," 
Specify Contact Arrange- 
ment and Coil Characteristics 
Also available Hermetically 
Sealed in miniature 9 or 
14 pin plug-in, or solder 
terminal types. 





Write for new 44 page 2-color loose leaf catalog. 
illustrates and gives full details of complete line. 


Specialists in Electronics and Electro-Mechanics 





bEACH | 


DIVISION OF 





215 bAY 
CORPORATION 


COMPARE PERFORMANCE 
SWITCH TO LEACH 





KOR 


5915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA 
Representatives in Principal Cities of U.S. and Canada, 












New Parts 








— 


Packless valves have fluid-contact- 
ing parts of brass or stainless stee] 
for corrosion resistance. They can 
be mounted in any position. Either 
class A or H coils are available. 
Currently available are % and \%.- 
in pipe sizes. Made by Automatic 
Switch Co., 391 Lakeside Ave,, 


Orange, N. J. 
For more data circle MD-81, Page 297 














Appliance Relay 











Series MW relay, designed pri- 
marily for household appliances, is 
available with varnish-impregnated 
ac or de, current or voltage-actuat- 
ed coils. Large silver contacts af- 
ford substantial wiping action and 






















are rated 5 amp or %-hp, 115-v, 
ac noninductive load. Heavy cop- 
per shading ring prevents chatter 
and hum. Insulation withstands 
1500 v rms breakdown. Mounted on 
laminated Bakelite base, relay uses 
clip-on solder or screw terminals 
and mounts with rivets or screws. 
It is 2 x 2 x 1% in. high. Made 
by Potter & Brumfield, Princeton, 
Ind. 


For more data circle MD-82, Page 797 














Small Gearmotors 






Fractional-horsepower germo 
tors in both right-angle anc con 
centric-shaft designs are 1‘) per 
cent lighter than previous models. 
Driving motor is close-couple and 
positively geared to output shaft 
for maximum torque transmission, 
uniform speed and no slippage. 
Motors are reconnectable external 
ly to reverse direction of sha!t ro 
tation. Both models are available 
in ratings of 4, 1/3, % and %4-hP 
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How the Fellows Method can be economically 
utilized for the production of many different shapes 
and parts is explained in “The Art of Generating with a 
Reciprocating Tool”. A copy is yours for the asking! 


THE GEAR SHAPER COMPANY 


Head Office and Export Departmeni: 78 River Street, Springfield, Vermont. 
Branch Offices: 319 Fisher Bldg., Detroit 2 « 5835 West North Ave., Chicago 39 « 2206 Empire State Bldg., New York | 
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HOW 70 KILL 
2 thread fastening bugs in design... 











Been Stung BY TOO MUCH WEIGHT? 
Heli-Coil* Inserts permit weight reduction two 
a ways: They require less space than solid bush- 
SS P ings. Need no greater boss radius than unprotected 
So , thread assemblies. Permit the use of fewer, smaller, 
wa =6s shorter threaded fasteners. 


Been Stung BY WEAK THREADS? Heli-Coil Inserts provide a mini- 
mum of 25% greater loading strength than unprotected threads in 
the same material. You eliminate stripping, even in soft materials 
such as aluminum, magnesium, plastics, wood, etc. 


Been Stung BY THREAD WEAR? Heli-Coil Inserts can’t wear — 
therefore no customer complaints about worn threads; field service 
costs are cut. 


Been Stung BY CORROSION? Heli-Coil Inserts are corrosion-proof 
stainless steel or phosphor bronze. They withstand temperatures up 
to 800°F. indefinitely — won't seize, gall or corrode. 


Been Stung BY VIBRATION? Vibration will not loosen Heli-Coil 
Inserts; will not damage insert-protected threads. Fits are inherently 
better; stresses are more evenly distributed. 


When you use Heli-Coil Screw Thread Inserts you kill all five 
of these design bugs at once. 


To find out why the Heli-Coil Insert method of thread protection is the 
simplest, most effective, and most practical ...to get all the data you 
need to design these advantages into your product... to get free samples of 
Heli-Coil Inserts, use this handy coupon. 


+, 


*Reg. U. S. Pat. Off. 


HELI-COIL CORPORATION | 
130 SHELTER ROCK LANE, DANBURY, CONN. 


( Send samples and Bulletin 689 — Military Standard Sheets. 
[] Please have a Heli-Coil Thread Engineer call. 
[) Send samples and Catalog. 
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NAME 





COMPANY__ 





ADDRESS. 








— en ee ae ae oe oe oe ow oe oe oe oe eS 


CITY ZONE STATE @® 2654 


he ee ee ee ee ee ee ee ee ee ee es ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee es ee ee! 


Heli-Coil Inserts conform to official military standards 
MS-122076 (ASG) through MS-124850 (ASG) and others. 














New Parts 





and operate on 115/230 v single- 
phase and 220/440 v three-phase 
current. Concentric-shaft units 
range in output speed from 13.5 
to 520 rpm, while right-angle 
shaft models range from 24 to 148 
rpm. Made by General Electric 
Co., Schenectady 5, N. Y. 


For more data circle MD-83, Page 297 


Flange Nuts 


Gripco locknuts are now avail- 
able in flange style in sizes from 
¥, through %-in. with either NF 
or NC threads. Both self-locking 
and standard types are included in 
this line. A typical application for 








the one-piece combination nut and 
washer is as compressor or motor 
hold-down nut. Made by Grip Nut 
Co., 310 S. Michigan Ave., Chicago 
4, Ill. 


For more data circle MD-84, Page 297 


Toggle Switches 
Two single-pole, double-throw 


basic switching units are included 
in series 11AT toggle switches. 
One unit is actuated in each ex- 
treme toggle position; neither unit 
is actuated in the center, or neu- 
tral, position. Use of the two 
switching units affords many dif- 
ferent circuit combinations, it- 
cluding the making or breaking of 
circuits in all three toggle lever 
positions. Six models in the series 
vary in the combinations of mo 
mentary and detented toggle lever 
positions. Three use standard AN- 
3234-1 basic switches, and the 


other three have impact-resistant. 
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ew Slee CE 


BARNES 
PUMPS 


jor better design 


D0ERR 


MOTORS 














BEFORE— 


Conventional, separate pump and motor 
mounted on cast base plate. 













a range from % to 1% hp. 








3 
% 
a 
¥ 
. 


mote) yy 


CEDARBURG, WISCONSIN 
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you GET MOF 


Constant-Flo motor pumps are smaller, weigh less, 
eliminate alignment problems. 


HERE is a new “‘Pressure Package” made possible 
through a unique close-coupled construction. This 
line of rotary gear pumps, manufactured by the 
John S. Barnes Corporation, Rockford, Illinois, 
can deliver pressures up to 3000 psi. Motors are 
available in the NEMA 42, 56 and 66 frames in 


Electric Motors 
from 1/30 to 5 
hp. Standard 
or Designed to 
Your Specifica- 
tions 










AFTER— 


Constant-Flo motor pump combination results 
in compact, lightweight unit. 


The rapidly growing list of applications already 
includes automatic door operators, forced lubrica- 
tion, filters, material stackers and elevators, crimp- 
ing machines, vegetable dicers, fuel oil transfer, 
coolant pumps, chair lifts and machine tools. 


This is another example of product improvement 
—the use of Doerr motors provided the manufac- 
turer with the proper engineering features as well 
as a reliable source of supply. We would be pleased 
to consult with you on your motor applications. 


e WITH DOERR: 





SIMPLIFIED ASSEMBLY 





Permits easy inspection, 
quick replacement of 


motor or pump. 












































high-strength plastic case switch- 
ing units. These units are Under- 
writers’ Laboratories listed for 10 
amp at 125 or 250 v ac, 14-amp 


THE GREER ACCUMULATOR “= 


\ 










WY YS yD pole Lets small VA 
b\ motors and pumps 
do the work of 
big ones 





Reduces 
pulsations in 
pipelines and 

mud pumps 


Provides 
powerful grip 


for holding 
operations at 125 v de, %4-amp at 250 v de. 


Fr Made by Micro Switch Div., Min- 
_— neapolis-Honeywell Regulator Co., 


Freeport, Il. 
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Pp == | Absorbs 
Ss 


me. SSS shocks on bucket | 
RS loaders and fork oe a 
SS “ens 4 Miniature Air Cylinder 
1 =x 


Valve-in-head air cylinder has 
%-in. bore and 1-in. stroke. Cor- 
rosion-resistant body incorporates 
a hand lever valve. Cylinder has 













. Maintains yy 
\\ line pressure and 
: eliminates surges 
in drill presses 















a \ ANA Compensates 
for pressure and 


” tile \\ 
he Most Versa RN volume in sugar 
he d , aulic Component \ mill rolls 
Ever Devised! : 


ane am a a an 


U. >. Patents unde: View L.ceue 


one hose line and may be con- 
nected to any air outlet. Maxi- 





Today, Greer Accumulators are found in every conceivable 
hydraulic circuit — the few applications mentioned above mum operating pressure is 160 
show tremendous diversity of use. Their wide acceptance is psi. Made by Rotex Punch Co. 
due to these important reasons. 1) simple operation, 2) ease Soe. Son Lonel li 

of installation, 3) minimum maintenance, 4) and complete | Inc., San Leandro, Calif. 
safety. They are rugged and dependable, too — each built to 
take many times the expected work load. 
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Let our experienced application engineers . 
show you how a Greer Accumulator can Stainless Steel Fittings 
reduce the cost, size, weight and com- 3 . 
plexity of your hydraulic equipment. Our Centrifugal casting metho is 
Brochure 301-A gives you technical data . used to produce high strength 
on the Greer Accumulator. Write or call tainl teel fitti tandard 
today for your free copy. No obligation. stainless steel fittings to stan: 
AN specifications or to specia: re 


quirements. Under test, fi‘ ting 


GREER HYDRAULICS INC. - International Airport - JAMAICA 30, NEW YORK did not leak after being subjected 
Hf hicago, Dayton and Detroit n oll principal cities to 12,000-psi hydraulic pressure 
for 8 hours, as well as increased 















¢ Sales Representatives 1o 












MACHINE .DESIGN-October 1954 















Producing a large contour 
hand forging on a 660-ton 
press. Bridgeport can make 
contour forgings up to 1,000 
pounds, 















BRASS 
He FAS & 
RAS 
ERAS S 
BErRAS S&S 
BRASS 




























BRIDGEPORT CONTOUR HAND FORGINGS 
—for lighter, stronger parts at lower cost 


Aluminum and magnesium contour hand forgings offer a 
number of savings in terms of die costs, time and materials 
over other methods of producing a limited number of units— 
especially for experimental and prototype use. 


Bridgeport Contour Hand Forgings have these advantages: 
1. Save metal and reduce machining. 


2. Grain in forged metal more closely follows contour 
of part, giving more strength. 






















See how much metal and machining are saved 
by using a contour hand forging instead of a 
solid slab from which a machined part would 
be made. The physical properties of the forg- machining. 
ing cre far superior, too. 






8. Furnished in T-6 condition, in most cases ready for 






4, X-ray, zyglo and ultrasonic testing of every forging 
assures highest quality. 







5. Inventory of aluminum or magnesium forging alloys 
available for fast production. 


Bridgeport’s skilled know-how and modern forging facil- 
ities with press sizes up to 16,500 tons also assure quality die 
forgings. For prompt, dependable service on all types of forg- 
ings, call your nearest Bridgeport Sales Office. 


BRIDGEPORT BRASS COMPANY 


Bridgeport’s Forging Folder describes the ad- ALUMINUM DIVISION — BRIDGEPORT 2, CONNECTICUT 
vantages of forgings in many applications. NRA CORE ag? 5 B rj >¢ 
Write or call for your copy. Sales Offices in Principal Cities — Conveniently Located Warehouses 


Mills at Bridgeport, Conn., Indianapolis, Ind., and Adrian, Mich. 


BRIDGEPORT ALUMIN UM 
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BALANCED PLUG VALVE 








IN YOUR FLUID SYSTEMS 


When you combine “Bellows” with 
“Diaphragm’”’ you get ‘“Bellofram.”’ 
This amazingly simple but new idea in 
Fluid Barriers performs both bellows 
and diaphragm functions — easier, 
better and simpler. A standard Bello- 
fram can be applied to your ‘product. 


WHAT THEY ARE 


Bellofram seals are long-stroke, deep 
convolution, constant-area diaphragms 
with extreme flexing life and exception- 
ally low spring gradient. They are 
relatively unaffected by foreign matter, 
and since they need no lubrication, they 
are clean. They eliminate leakage. 
Friction-free, rolling action gives excep- 
tional cycle life. High dielectric strength 
and remarkable resistance to chemical 
action are important features. Area 
accuracy is affected only by surround- 


NVA 


PRESSURE SWITCH 


PRESSURE VOLUME 
TRANSFORMER 





SINGLE SEATED BALANCE VALVE 





ing components to which they auto- 
matically adapt themselves. 


APPLICATIONS UNLIMITED 


Bellofram seals may be used in almost 
any piston-cylinder application, for 
either precision measurement or fric- 
tionless power. Infrequent replacement 
is the only maintenance. Effective area 
can be controlled to within less than 
0.1% over the working stroke. Efficient 
operation can be obtained at pressures 
varying from inches of water to 500 
PSIG max. over a wide temperature 
range. Plan to incorporate Bellofram 
seals into both your old and new de- 
signs. A sketch of your device will help 
us help you. Strict confidence observed. 
Write today. 


© Bellofram Corporation 
* Trademark 


ellofran 


» ent ff f 2 eS Se 


144 MOODY ST., 


WALTHAM, MASS. 








New Parts 





pressures to 22,500. Fittings of 
many sizes and shapes are avail- 
able in various stainless alloys. 
Made by Industrial Research Lab- 
oratories, 961 E. Slauson Ave., Los 


Angeles, Calif. 
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Grcuit Breakers, Switches 


Line of circuit breakers and 
motor starting switches for haz- 
ardous locations is designed for 
Class I, groups C and D (NEMA 
type VII); Class II, groups E, F 
and G; and Class III (NEMA type 
IX and V). Explosionproof and 


dust-tight units have ferrous al- 
loy bodies and aluminum alloy 
covers. They are available in 
single or two-gang types with 
dead-end or through-feed hub ar 
rangement in 12, 34 and 1-in, sizes. 
Circuit breaker ratings are up t0 
30 amp, 120 v ac, while motor 
starters are made in ratings up to 
1 hp. Manual motor starting 
switches are available with Oo 
without overload protection and 
interchangeable heater units. Made 
(Continued on Page 319) 
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New Parts 


(Continued from Page 314) 





by Pyle-National Co., 1334 N. 


Kostner Ave., Chicago 51, IIl. 
For more data circle MD-88, Page 297 


Motor Base 


Release of adjusting screw in 
Quick-Slide motor base permits 
moving the motor after the base is 
bolted down. Easy adjustment of 


center distances is thus provided 
for variable-speed drives. Made by 
T. B. Wood’s Sons Co., Chambers- 


burg, Pa. 
For more data circle MD-89, Page 297 


Electric Brakes, Clutches 


Electric brakes and clutches in 
the torque range of 8 lb-in. to 700 
lb-ft may be used for synchronizing 
machine motion, controlling index- 
ing and positioning, interlocking or 
simplifying automation. Compact 
brake is comprised of field (1), re- 
placeable facing (2), and armature 
(3). Wear adjustment is automatic. 
Companion electric clutch operates 
on stationary field principle in 
which current is induced into ro- 
tating coil, eliminating slip rings 
or brushes. Both brake and clutch 
can be controlled by pushbutton, by 
operator or automatically by elec- 
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Awutomatioxmn 


STARTS 
WITH 





Send for FREE Automation Book- 
let “See what timing can do for 
you?” 


x 


FOR ANY SIZE INDUSTRY 


The Eagle Cycl-flex Reset 
Timer meets the specific re- 
quirement needed for more flex- 
ible control of the Peck Auto- 
matic Welder. The Cycl-flex with 
its flexible time and electrical 
control features made it the ideal 
timer for regulating the proper 
“overlap” and “arc cutoff” phases 
of the cycle. The timer is easy to 
set — easy to read — it has cycle 
progress indication. 

Eagle builds timers for con- 
trolling hundreds of processing 
applications. Let Eagle engineers 
go to work for you. 








SAVINGS ARE YOURS 





when you specify 


WYCKOFF Cold Finished Bars 


CARBON...ALLOY...LEADED 


WYCKOFF ASSURES QUALITY CONTROL... 





ep Constant Maximum Production 
0) Increased Machining Speeds 
© Longer Tool Life 


Incorporate these factors (DOLLAR SAVERS) in YOUR | 
SPECIFICATIONS, 











25 District Offices and Sales Representa- ee 
tives are always ready to help you fie." 
promptly and efficiently. 


rier \\\ 


NISHED 
ovo Sey 








1 
st? SThkis Lp, 


% 
Ez 
% 


YCKOFF STEEL CO. 


General Offices: Gateway Center 
Pittsburgh 30, Pa. 


, 


Works: Ambridge, Pa. « Chicago, Ill. « Newark, N.J. e Putnam, Conn. 












WYCKOFF STEEL PRODUCTS — Carbon and Alloy Steels * Turned and 
Polished Shafting * Turned and Ground Shafting * Wide Flats up to 12” x 2” 
All types of furnace treated Steels 











New Parts 








tric switches, relays or electric 
eyes. Made by Warner Electric 
Brake & Clutch Co., Dept. PR, 
Beloit, Wis. 
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Self-Anchoring Nut 


A simple hand tool locks the 
self-anchoring Speed Grip fastener 
in a panel hole ready to receive the 
screw. T-shaped fastener is pre- 
assembled in spring steel retain- 












ing cage which prevents rotation 
after installation. Fastener is de- 
signed to withstand large amounts 
of torque and is suitable for ap- 
plications where such handling 
techniques as stacking and butting 
are used. It can be attached af- 
ter finishing processes, eliminating 
retapping or masking operations. 
Made by Tinnerman Products Inc., 
P. O. Box 6688, Cleveland 1, O. 
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Solenoid Air Valves 


Extremely short solenoid stroke 
combined with pilot operation elim- 
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tm =A i INTA 
oor / e NTAKE 
f- ‘f 


if 
4 J \ 


VALVE 
IN HEAD 





INTAKE AND 
EXHAUST VALVES 


IN BLOCK 


3 EXHAUST 
“JOHN” WILLYS * . VALVE 


Engine Chalk Talk IN BLOCK 


| don’t know of another engine manufacturer 
who can offer the versatility that these two 
Willys head designs make available. Basic- 
ally, the “L” head has plenty of power and 
excellent torque at medium speeds. It is a 
rugged Willys design with plenty of power 
uses. The “F” head develops even more 
power . .. and smoothly . . . right up to 
maximum rpm. Its torque curve is almost 
constant at all speeds. We know this engine 
will find many applications in equipment 


where extra lugging power is desirable. 


INDUSTRIAL ENGINES and POWER UNITS 


PEER 


* 


Cyl. and Displ. Range Range 
Model Head Cu. in. Max. bhp of speed 


Jeep 4l 134.2 22 - 60 1200 - 4000 
Hurricane 4F 134.2 22 - 70 1200 - 4000 
Lightning él 161.0 28 -75 1200 - 4000 
Giant Hurricane éF 161.0 28 - 90 1200 - 4200 


RSS 
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New Parts 





inates coil burn-out in new explo- 
sion-proof valves. Poppet design 
with linear sealing contact on re- 
silient seats makes both pilot and 
main valve self-cleaning. Remov- 
able cover provides quick access to 
the solenoid. Coils are interchange- 
able, permitting conversion to any 
standard voltage by a simple coil 
change. Made by Barksdale Valves, 
5125 Alcoa Ave., Los Angeles 58, 
Calif. 
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Stainless Steel Hose Clamp 


Sure-Tite clamp with worm 
drive fastener is detachable and 
can be applied quickly to hose 
which is already in position. No 
special tools are required for in- 
stallation. The one-piece hardened 
screw is deep slotted and will ac- 
commodate any size screwdriver. 


y 


‘Bonded for Life!" 


In Waukesha Sleeve Bearings, Split Bearings, and Oil 


Seals, the bond between babbitt and bearings never | Housing of the clamp is in one 
i i i | piece, compact and enclosed to 
fails. The Waukesha Centri-fuse Process results in an | Sault the aemees Mani ath onl 
flexibility for leakproof sealing. 
. , : Size range includes clamps with 
fusion of babbitt and backing — whether the | efeteeen eid meeuimem dheuastess 
‘ ‘ : : | of 54% and 1% in. to 3% and 4% in. 
backing is bronze, steel, cast iron or aluminum. | Made by Wittek Mfg. Co. 4305 
Remember, too, that Waukesha’s complete | W. 24th Place, Chicago 23, Ill. 
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actual chemical bond ~— a liftime metal-to-metal 


manufacturing facilities and Waukesha engineering 


counsel are at your service whether you need one : 
_ DC Solenoids 


bearing or a long production run, 
Twenty standard parts can be 
combined to form 300 different 


Se a ee ee ee ee ae a ee a eS ee Oey types of miniature dc solenoids in 


1 100 and 300 series. Lightweight 

ear ings | and compact, solenoids provide 
| hi A wide variety of 
| 


high power. 
Division of WAUKESHA TOOL CO., Waukesha, Wisconsin 


mountings, coil sizes and wire sizes 
A 7931-2/3 
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MACHINE 
LIMIT SWITCH 














e This new heavy-duty limit switch is built with a 









minimum of moving parts, and with emphasis on sim- myten voller cushions ta» 
ici i i jective in i , has low fricti 

plicity of construction. The primary objective in its pew ae pte “ + 

design is to provide dependable, accurate, trouble-free qualities. 

operation for a long life. All latch and trip-bearing sur- Reversible operating lever. 

faces are nylon to steel for minimum wear. All springs ee iginaten apn 

are in compression for greatest safety—they cannot be tioning. 

overloaded. This and other features make the switch Heavy molded insulating 

as nearly fail-safe as possible. mote te 
wiring space for four No. 12 
wires with Stakon connectors. 






“MAM counting eaters CULLATE. seccere Areas subjected to arcing 


are protected by glass-mela- 
FRONT-LEVER TYPES REVERSE-LEVER TYPES 





mine plates. 
















Electrical and mechanical 
sides of switch are com- 
pletely isolated. 














Nema Type 5 dust-tight, 
oil-tight enclosure of heavy 
die-cast construction. 


















Side Mounted Horizontal Vertical Side Mounted Horizontal Vertical 


Flange Plate Flange Plate Flange Plate Flange Plate Double-concentric over- 


travel springs in compres- 
sion for fail-safe operation. 


ee naan Re eoccccceecces ceee Return spring ts in com- 


pression. Can be changed 
SHIPPER without tools to either side 
of arm, or removed for 
maintained contact. 


















PLANER TYPE 

~, Spring-loaded latches are 
nylon for low friction and 
long life. 









Choice of 14” or 4%” con- 
duit opening. 









Write for Bulletin 102DM 


CONTROLLER Company 


Engineered Electrical Control ] | 1146 East 152nd Street . . xcate 4 10, Ohio 
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pat eee at ae alloy This weldment is one of several supplied for 
steel forging heart of an intricate supporting two large lines. Height — 6’, 
weldment which our customer will fabricate. es vain 

Similar pieces furnished up to 64,000 Ibs. 





Write for 
Weldments 


Adjustable rolling mill base—25’ long— 
fabricated from heavy structural shapes and Bulletin Today! 


plates. 


STRUTHERS WELLS CORPORATION 


TITUSVILLE, PA. 


Plants at Titusville, Pa. and Warren, Pa. 


Offices in Principal Cities 
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New Parts 





changed to push or pull type by 
addition of a threaded push rod to 
any plunger. Typical solenoids in 
AWG-S.F. wire sizes 30 through 
44 have resistances ranging from 
14 through 13,200 ohms. Made by 
Joseph Pollack Corp., 81 Freeport 
St., Boston 22, Mass. 
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Industrial O-Rings 


Precision molded from Buna N 
fuel and oil-resistant compounds, 
series of industrial O-rings is suit- 
able for both hydraulic and pneu- 
matic service. Rings are available 
in all standard sizes from 4 to 
16 in. OD; other sizes can be made 
to specifications. Made by Stillman 
Rubber Co., 5811 Marilyn Ave., 
Culver City, Calif. 
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Split Hydraulic Transmission 


Completely sealed and self-lubri- 
cated drive consists of pump, mo- 
tor and appropriate valving com- 
bined to provide a positive dis- 
placement type fluid power trans- 
mission having infinitely variable 





\ “i —N 
7) WANE TYPE constane 
OFUVERY PUMP > 


i= 








Speed control. Both the pump and 
the hydraulic motor have controls 
for regulation of output speed and 
power, Acceleration and decelera- 
tion rates are independently ad- 
justable. Pump and motor can 
(Continued on Page 328) 
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Fine Gears 
Made to Order 


SPIRAL BEVEL * STRAIGHT 
BEVEL * HYPOID « 
HERRINGBONE « HELICAL 
© DIFFERENTIALS ¢ SPUR 

* WORMS AND WORM 
GEARS 





ooo if you are 


If you know gearmaking, 
you will be the first to agree 
that production of high 
precision, heat treated, 
automotive type GEARS 
requires a major capital 
investment in metallurgical , 
processing, testing, checking, 
inspecting and 

engineering facilities. 


Fairfield has these facilities, 
plus expert “know how”’ 
in making gears 
EFFICIENTLY and 
ECONOMICALLY. 


cooif you are not 


Whether you are a 
“gear expert’ or not, 
we believe it will pay you to 
check with FAIRFIELD 

on your current and future 
requirements for gears. 
Fairfield is one of America’s 
largest independent producers 
of fine gears made to order 

for all kinds of 
modern machinery. 
Your inquiry will 
receive prompt attention. 


/ C sats oem 


Ask for a copy of this illustrated bulletin. 











































































COMPANY 


2307 So. Concord Road 


Lafayette, indiana 
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STANDARD 
ASSEMBLY 


THE AZZ- 


EW “ec” LINE... 





provides greater 


» Va 
: 
— 


ARRANGEMENTS 


SPECIAL SPECIAL 
ASSEMBLY ASSEMBLY 


1-LR 1-R I-k 


capacity in less space]. 


[WINS 


SHAFT ARRANGEMENTS 











SPECIAL SPECIAL 
ASSEMBLY ASSEMBLY 
1-RD 1-LD 


STANDARD SPECIAL 
ASSEMBLY ASSEMBLY 
1-RU 1-LU 


3 NEW DESIGNS each now available in first 5 sizes 


TOP RATED HORSEPOWER AND 
TORQUE OUTPUT % 


Both input and output shaft diameters are increased in 
size to handle greater loads. All units are equipped 
with gears, bearings and shafts rated for AGMA 


Class 1 Service. 


INCREASED OVERHUNG LOAD CAPACITY 
Larger input and output shafts plus larger and stronger 
bearings also provide a greater chain pull capacity. 


EXTRA RUGGEDNESS FOR LONG SERVICE 
Special nickel ‘phosphor bronze, uséd exclusively in 
Winsmith Worm Gear Speed Reducers, has 100% 


greater nickel content than bronzes commonly used fof 
gears. It has the greatest strength of all the phosphor 
bronzes. 


STURDY, ONE-PIECE HOUSINGS 

Housings are of sturdy, one-piece construction r: idly 
reinforced to provide secure mounting — hence, smooth, 
vibrationless operation. 


COMPACT SPACE-SAVING CONSTRUCT ‘ON 
Greater economy per horsepower dollar is aff ded. 
Installation, as well as space problems in machine 
design, are simplified. 





























INSMITH WORM GEAR SPEED REDUCERS 


ej.simplifies machine design 


Is compact design your problem? Winsmith 
has the answer with the all-new “C” line of 
worm gear speed reducers ...a noteworthy 
addition to the other, long established 
Winsmith lines which will continue to be 
manufactured. Each of the three new designs 
(“CB”, “CT” and “CV”) included in this com- 
plete line, is now available in 5 sizes and each 
has been developed to provide greater 
capacity in less space. Check the key features 
of these new reducers. Find out how they can 
be employed to advantage in your equipment 
and machines to meet requirements within 
the 1/100 to 5 hp range in ratios of 5 to 1 
to 60 to 1. 


WRITE FOR COMPLETE DESIGN DATA 





SHAFT ARRANGEMENTS Make sure you have the facts f > 


cman on file for ready reference. 

{ ) Illustrated Bulletin HW654 
| = | including detailed dimen- 
= Rete? T sion drawings, specifica- 


tions and rating tables 
for the new “C’”’ line 






STANDARD SPECIAL SPECIAL , 
ASSEMBLY ASSEMBLY ASSEMBLY will be sent on request 
I-LP 1-R i-L 


- . . promptly, with- 
out obligation. 


WINSMITH, INC. 


16 ELTON ST. © SPRINGVILLE (Erie County), N. Y. 





THE MOST COMPLETE LINE WITHIN ITS RANGE OF 






1/100 TO 85 HP IN RATIOS OF 1.1:1 TO 50,000:1 








4 








Chain 
YOUR, PROBLEMS 
solved by ACME engineers 


Engineers of the ACME CHAIN Corporation are anxious to cope 
with any of your roller chain problems. A gratuitous service to 
our customers... the service of roller chain experts, with 35 years 
of experience and chain efficiency know-how. 


Write or call Holyoke 2-9458. 

















STANDARD ROLLER © MULTIPLE WIDTH ° DOUBLE PITCH ° 


a «iy PP Tia | 


RUGGED PRECISION CHAIN for EVERY NEED 




















Write Dept. 6N 

for new illus- 

trated 76 page 

catalog on use 

and application . HOLYOKE 
of roller chains MASSACHUSETTS 


and sprockets. 








New Parts 
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be separated to meet space limita- 
tions or facilitate alignment and 
can be used where drive require- 
ments demand special combina- 
tions of a pump and more than 
one hydraulic motor. Piston pumps 
for use with split transmissions 
are available in input ratings from 
0.20 to 36.5 hp, delivering up to 
58 gpm. Hydraulic piston type 
motors are available for output re- 
quirements from 3 to 25 hp. Duty 
can be continuous, intermittent or 
continuous reversing without 
shock. Made by Vickers Inc., 1400 
Oakman Blvd., Detroit 32, Mich. 


For more data circle MD-96, Page 297 


| Beryllium Copper Strip 


Thicknesses from 0.001 to 0.025- 
in. are available in Penntemp mill 
hardened or pretempered beryllium 
copper. Strip has minimum toler- 
ances ranging from +0.0001 to 
+0.0004-in., depending upon thick- 
ness. It offers many features of 
age-hardening beryllium copper, 
yet requires no heat treatment. 


Material has high strength «nd 
hardness, good conductivity «nd 
fatigue and corrosion resistance. It 
is available in five tempers, each 
with a different combination of 
strength and formability. Made by 
Penn Precision Products Inc., 501 


Crescent Ave., Reading, Pa. 
For more data circle MD-97, Page 2°: 


| Miniature Lubricator 


Consisting of reservoir, filter 
pump and metering units, L Spe 
cial automatic miniature lubrica- 
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BROOK MOTORS... 


cah weather yout climatic conditions, too! 


The killing combination of heavy snow, ice and 
moisture knows no season in many of the world’s 
northern climates. It’s this kind of destructive 
weather that can easily ruin any electric motor— 
unless it is totally weatherproofed during 
manufacture for any condition, outdoors: or indoors. 
Such a motor is Brook .. . for over fifty years, 

the world’s most respected motor. 


A part of Brook’s standard manufacturing procedure, 
this weatherproofing is your assurance that every 
Brook motor will perform successfully in your 
climate. For example, stator slots and windings are 
impregnated and baked to resist moisture, dust, 


- heat and cold. Every motor is precision built to 


‘meet or surpass NEMA standards. They use 


standard bearings, threads and nuts. All major types 


re available from stock, in a wide range of 
rsepower sizes. Brook ‘world-wide service stations 
WVe-a complete selection of parts ... Brook motors 
ly serviced in any shop, anywhere. Take steps 
order a. . the world’s most respected 
the world’s most experienced 
Write fer a free catalog today! 


“warehouses at Chicago, 
uston, Los Angeles, 





CORPORAT 


om, | 








POLYPENCO® SHAPES 


Start Here! and get nylon’s advantages 
WITHOUT HIGH TOOLING COST 


@ The product-improving properties of nylon are yours with important 
savings when you design with POLYPENCO nylon shapes as the 
starting point. Since tooling cost is practically eliminated, one part or 
thousands can be fabricated with the same economy. This means that 
every designer can now obtain nylon’s performance in bushings, 
bearings, gears, packings and many other parts. With POLYPENCO 
nylon shapes, you also get other advantages: 


~\ 
\ 
S 


® Direct control of fabrication on standard metalworking 
tools in your own shop 


@ Greater design flexibility...closer tolerances in 
many kinds of parts 


@ Immediate warehouse delivery of most sizes 
@ Uniform high quality in every piece 
@ Technical help... also finished parts if desired 


Send for new bulletin on nylon shapes. 


The POLYMER CORPORATION of Penna.* Reading, Penna. 


In Canada: Polypenco, Inc., 2052 St. Catherine W., Montreal, P. Q. 


rya2)7,11 hal. 


... teflon* and other non-metallics 


Warehouse stocks: Reading * Chicago « Los Angeles * Newton (Mass.) * Branford (Conn.) 


*trr/erork for DuPont tetrafl- oroethylene resin 


New Parts 





tion system is designed for small 
machine elements. It measures 
2\4,-in. high, 13¢-in. deep and 1%- 
in. wide. Reservoir holds 20 ee, 
and pump can be adjusted to dis- 
charge a total of 0.6, 0.45 or 0.3-ce 
each time plunger is pulled. Lubri- 
cator can be installed to discharge 
into passages drilled into the ma- 
chine and proportion lubricant into 


various passages in varying 
amounts, or it can discharge into 
tubing leading to these points. Up 
to four metering units can be in- 
stalled inside one lubricator. Meter- 
ing units can also be installed 
either at tubing junctions or lubri- 
cation points. Lubricator has a %%- 
in. window to indicate reservoir 


| oil level. Made by Bijur Lubricat- 


ing Co., 151 W. Passaic St., Ro- 
chelle Park, N. J. 


For more data circle MD-98, Page 297 


Check Valve 


Maximum flow with low opening 
pressures and leak-proof operation 
are provided throughout working 
range of Warren check valve. Con- 
sisting of only a two-piece metal 
body and a replaceable composition 
sleeve, the valve has neither seat, 
spring nor other metal moving 
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Hevible ACTION... 


17 NNEW important FEATURES... 


Flexible in all directions. 7. No slip under normal load at full speed. 


Absorbs shock. 8. Protects driver and driven mechanisms 


against overload shock. 


Limi ional vibration. 
ge oe 1 a 4 9. Can be furnished in automatic back- 
as adjustable idle speed. stop type. 


Can be furnished in automatic free- {0. Prevents torsional resonance. 
wheeling type. |!. Easily assembled even in blind installa- 
Smooth starting. tions. 


If you have problems of misalignment — smooth starting — vibration — overload 
— or assembly in the manufacture or operation of: 


COMPRESSORS) @ TEXTILE MACHINERY © CONVEYORS ¢ LARGE OVERHEAD 
BLOWERS e WIRE DRAWING BALL MILLS CRANES 

DIESEL ENGINES MACHINES ELECTRIC MOTORS ¢ HAMMER MILLS 
EXCAVATORS FANS GENERATORS MIXERS 
REFRIGERATION ¢ GASOLINE ENGINES ¢ HIGH SPEED TUBE MILLS 
EQUIPMENT BACK STOP BRAKES PULVERIZERS PUMPS 


@ LET OUR ENGINEERS CONSIDER YOUR PROBLEMS. TWIFLEX MAY BE THE ANSWER. 


Y! 
gE TODA 
+ WRITE TOM 


il 
detat's Catalog CE-3 


for 
Coupling in 
— 


all 


Single Revolution Clutch Over-Running Clutch Slip Clutch 
Write for Bul. 239 Write for Bul. 231 Write for Bul. 300 


THE HILLIARD Corporation 103 W. FOURTH ST., ELMIRA, N. Y. 
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POWDER METALLURGY? 


... Because Powder Metallurgy is the speedy, lower 
cost method of producing small metal parts with 
blueprint accuracy. 










ie ce ae Parts may be so pressed and sintered that costly 









pais e de (aes machining is eliminated or simplified. 
om. PES oe sy Ne Ree te 
AERA BOL x 1 hy ye, Parts can be produced to close tolerances. For 
BRE Ere ~ ¥ economy, there's no wasted metal—since die over- 
led Sete flow powder can be reused. 


MD METAL POWDERS? 


Oe PR ae . . » Because nearly forty years of research and 
ye TBS. manufacturing experience have made MD the 
ee Headquarters for highest quality Metal Powders 

cy ek eee for every Powder Metallurgy need. 

at ae MD, the pioneer Metal Powder producer, is the 


only company producing a complete line of powders 
“aa, of such a wide range of metals and their alloys. 
















Peemember 
One Call 
Does It All! 






























METALS DISINTEGRATING COMPANY, INC. 
Elizabeth B, New Jersey 
Plants: 
Elizabeth, N. J.; Manchester, N. H.; 
Berkeley, Calif.; Emeryville, Calif. 





METAL POWDERS 
METAL PIGMENTS 
METAL ABRASIVES 







SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 
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parts. Valve can be mounted in 
any position. It operates silently, 
resists vibration and remains tight 
in the presence of small amounts 
of foreign matter. Made by Betts 
Machine Co., 1800 Pennsylvania 
Ave. W., Warren, Pa. 


For more data circle MD-99, Page 297 






Miniature Relays 


Miniature TS telephone type di- 
rect current relay is available with 
coils for standard voltages up to 
125 v de or resistances up to 6500 
ohms. Ambient temperature range 
is —55 to 85 C, and special coils 
are obtainable for —65 to 125 C. 
Relay withstands shock and ac- 
celeration up to 50 g and vibra- 
tion up to 10 g at 5 to 500 cycles 
per second, depending on contact 



















sizes and combinations which can 
be up to 6-pole, single-throw in 
open type and 4-pole, double- 
throw in closed type. Standard 
fine silver contacts are rated 3 
amp at 28 v de, 1 amp at 115 v 
ac, noninductive. Unit has 1-mil- 
lion cycle life expectancy and is 
1000-v rms insulated. It is avail- 
able varnish-impregnated and can 
be hermetically sealed. Made by 
Comar Electric Co., 3349 Ad- 
dison St., Chicago 18, IIl. 


For more data circle MD-100, Page °97 


Titanium-Base Alloy 


High-strength A-110AT titanium- 
base alloy sheet contains 5 pe: cent 
aluminum and 21% per cen‘ tin. 
The alloy is readily weldable with 
the same techniques used for com 
mercially pure titanium an the 
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p's YOUR LATEST 


he press: 


Contains the most 
up-to-date and 
complete information 
on Stock Roller 
Chains and Sprockets 


FILL OUT COUPON BELOW 
FOR YOUR COPY 


From the files of a 
DIAMOND CHAIN ENGINEERS — 
Backed by 65 Years of Roller Chain Experience —~ 


In this latest 64-page Catalog 754, you will find the most authentic and com- 
plete data on Roller Chains and Sprockets—data drawn from 65 years of expe- 
tience in the manufacture and application of Roller Chains. There is no substitute 
for such experience. 
You will find it worth while to have a copy of 
Catalog 754 on your desk for ready reference. Write CLIP COUPON AND MAIL TODAY! 


today —or just fill out and mail the coupon. Stites ip Gienaite te: 


. 435, 402 K A 
DIAMOND CHAIN COMPANY, Inc. ani 


Dept. 435, 402 Kentucky Avenue, Indianapolis 7, Indiana . : 
Offices and Distributors in All Principal Cities St ee Na re : tox New Catalog 734 on 


NAME 
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ductility of fusion welded joints is 
good. Material has minimum tensile 
strength at room temperature of 
115,000 psi and maintains this 
strength at elevated temperatures, 
It is supplied in sheet form in 
thicknesses down to 0.025-in., as 
well as plates, bars and forging 
billets. Made by Rem-Cru Tita- 
nium Inc., Midland, Pa. 


Vor more data circle MD-101, Page 297 





Self-Locking Nuts 


Serrated, hardened teeth on the 
face of these self-locking nuts pro- 
vide locking action. One-piece fast- 


LY) \/ 


ooo it’s rotated by 


rubber covered rolls 


Imagine 50 tons of locomotive boiler cradled on and rotated by 
four rubber covered rolls! These power driven rolls turn the boiler 
slowly so that the seams can be welded continuously. It’s a truly 
punishing assignment for rubber .. . one that demands extra- 
ordinary shear and abrasion resistance. 

The special rubber compound developed for these rolls by | Speed Reducers 


Continental does an outstanding job. Actually, the service life 
of the rolls has far exceeded even the customer’s expectations. Vertical Shaft-King speed-reduc- 


The successful solution of this difficult requirement is typical tion drives are designed for appli- 
of the engineering service in rubber offered by Continental. cations where the driven machine 

When you need molded or extruded rub- shaft is in a vertical or —_ 
ber, call on Continental. Our engineers will vertical position. Shaft-mount 
be glad to consult with you. 


eners are free-running and reus- 
able and are available in all ma- 
chine screw sizes. Made by Jacob- 
son Mfg. Co. Inc., Kenilworth, N. J. 


For more data circle MD-102, Page 297 


LET US SEND YOU THIS CATALOG 


Hundreds of standard grommets, bushings, rings, and extruded 
shapes are listed in this engineering catalog. It will be a valuable 
addition to your working file. Send for your copy today or... 


See our Catalog in Sweet's File for Product Designers 


MANUFACTURERS SINCE 1903 


CONTINENTAL 


RUBBER WORKS 


1984 LIBERTY STREET + ERIE 6, PENNSYLVANIA 
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roller bearings; a three-wall, in- 
ternally ribbed, cast iron housing; 
large oil reservoir and concentric- 
shaft design. Units can also be 
supplied with a torque-arm over- 
load release for protection of the 
driven machine, motor and drive 
where jam, choke or shock loads 
may occur. Made by American Pul- 
ley Co., 4200 Wissahickon Ave., 
Philadelphia 29, Pa. 


For more data circle MD-103, Page 297 


Air Cylinder 


Double-acting, nonrotating shaft 
air cylinder provides precise reg- 
istration on each stroke without 
employing exterior guides. It can 
be used to position work requir- 
ing one or more pressure points 
which are not on the axis of the 
cylinder. Location of both ports 








at the rear of the cylinder per- 
mits compact installation. Shaft 
is % in. in diameter at working 
end and is available with 4 in. di- 
ameter flange, as illustrated, or 
with clevis. Cylinder is available 
with 2-in. bore cylinder for 1 to 
6-in. strokes or with specified bore 
and stroke. Made by Summit 
Tool & Mfg. Co., 2907 Summit St., 
Toledo, O. 


For more data circle MD-104, Page 297 


Electrical Wiring Box 


Complying with JIC specifica- 
ions for electrical pull boxes, this 
enclosure is water, oil and dust- 
tight. Boxes range in size from 
4x 4x 3 in. high to 16 x 14 x 
6 in. high. Cover has a Neoprene 
Sponge rubber gasket and fastens 
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units, which are available in both 
13 to 1 and 20 to 1 ratios for re- 
quirements through 42 hp, have 
helical gears; ball and tapered 









Roth (Re) Rubber Molds 

















Shock-Resistant 










Aircraft Transformer 


























Baer chee 














Easier to assemble and seal than the 
old fashioned metal case, the shock- 
resistant rubber molding by Roth for 
the Jefferson Electric Company has 
other significant advantages: it is 
corrosion-resistant, oil-resistant; and 
it provides complete protection to its 
contents against high altitude conditions 
and the extremes of arctic and tropical 
weather. Roth engineers solved this 
problem—they can solve yours! 























Brings Results 
With Rubber 
















Engineers and Rubber Buyers! 


Write for your free Roth Rubber 
Sampler. This unusual kit contains 
actual rubber samples with hardness 
from 5 to 100 Durometer . . . 

gives ASTM specs and lists uses 

for each sample. Sorry, but offer must 
be limited to engineers and rubber 


buyers only. Please ask for 
Roth Rubber Sampler No. MD2. 


































Custom Manufacturers of Industrial 
Rubber Products since 1923 



















1856 S. 54th Avenue, Chicago 50 


(0 Send Roth Manual 
( Please comment on attached description of our rubber 
problem. 





















Name 









Position 









Company. 
Address 
City. 















State. 


Zone. 
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STAINLESS STEEL FASTENINGS 
BY ANTI-CORROSIVE 


. 


\ 


r 


\ 


x 


\ 


ANN 


\ 


SELECTION! The widest range of stain- 
less steel fastenings in the items, sizes, and 
analyses you want is on hand to meet 
your specifications. Whether your need 
is for corrosion-resistant properties, heat- 
resistance, strength or appearance . . . 
Anti-Corrosive has your fastening answer! 


AVAILABILITY! Anti-Corrosive’s IN 
STOCK inventory of more than 9,000 
varieties and sizes of stainless steel fasten- 
ings assures immediate delivery of your 
specifications. Special orders are delivered 
faster, too, due to streamlined production 
schedules for these important items. 


LOWER COST! Superior production 
capacity and know-how means Jower costs, 
helps you stay within production budgets! 
Anti-Corrosive is America’s oldest and 
largest firm dealing exclusively in stainless 
fastenings. 








| 
| 


to the box by means of an external 
hinge and clamp. Made of 14 gage 
sheet steel, box has mounting feet 
of 12 gage steel. Removable panel 
permits mounting of relays, timers 
and terminal strips. Boxes are 
normally made without extra holes 
but can be furnished with knock- 
outs, conduit holes, panel mount- 
ing holes and glass windows. Made 
by Hoffman Engineering Corp., 
Anoka, Minn. 


For more data circle MD-105, Page 297 


Variable-Delivery Pumps 


One and two-way variable de- 
livery pumps are designed for vari- 
able-speed, straight-line and rotary 
drive applications requiring 1 to 3 
hp under precise speed or pres- 
sure control. Each pump incor- 
porates a variable-delivery, high 
pressure, radial piston pump with 
balanced flat valve; a constant-de- 
livery, low-pressure gear pump; 
one of eight standard controls; 4 
three-way suction and return valve 
for differential systems; dua! disk 
type check valves for nondifferen- 


tial systems; a double-acting high 
pressure relief valve and a gear 
pump relief valve. Compact hand- 
screw, hydraulic servo motor lever, 


Write for FREE Product 
List 54E — lists complete 
range of items, sizes and 
analyses available from 
stock or by special order. 


Wit) 


Whit 


> METAL PRODUCTS CO., INC. 


K Castleton-on-Hudson, 


New York 





q 
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a approved by Design Engineers 
Men responsible for design, production and maintenance 
have proved and approved Ajax Couplings as a result of 
Ajax performance. Thousands of Ajax Flexible Couplings 


E L a x 1 R L E in use On generators, pumps, compressors, winches, speed 


reducers and other direct-connected machines have 


proved the economy of protecting good machinery with 


* 
os °o 7] p i 8 re & & good couplings. Write for catalog. 


AJAX FLEXIBLE COUPLING CO. INC. 


Representatives in Principal Cities 


WESTFIELD, N. Y. 
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STEARNS FIRST AGAIN! 


Secneunmocainbamsbehinemescansaill 


First with new magnetic disc brakes 
for re-rated fractional hp motors... 
first for motors up to 20 hp. . . now 
Stearns is first to provide motor 
manufacturers and users with the 
new streamlined H-1000 and H-1200 
magnetic brakes for re-rated NEMA 
frames in the 25-100 hp range. 


New H-1000 
The H-1000 is available in two maxi- 
mum torque ratings, 125 lb ft and 175 
lb ft. It is 2% in. shorter than its Style 
R counter-part. 


New H-1200 

The H-1200 is available in four maxi- 
mum torque ratings, 230 lb ft, 345 lb ft, 
460 lb ft and 575 lb ft. Individual 
models are from 9/16 to 11/16 in. short- 
er than the old H-1300 series. 


1103 


MAGNETIC EQUIPMENT FOR ALL 


STEARNS 


New Magnetic Disc Brakes 
for Re-rated 25-100 hp Motors 


Both the H-1000 and H-1200 brakes 
are furnished with standard manual re- 
lease and visible wear indicator. Torque 
can be set from any rating up to max- 
imum merely by positioning a single 
torque adjustment nut. Both models 
are supplied for either horizontal and 
vertical motor mounting or independ- 
ent floor mounting. 

Power Failure Safety Feature 
Each model is spring-set, solenoid-re- 
leased — stops motor automatically in 
case of power failure. Available with 
either standard or dust-tight, water- 
proof enclosure. 


Get all the facts about this new 
Stearns brake. Contact your local 
Stearns representative or write to- 
day for new descriptive literature. 


INDUSTRY 


MAGNETS 


STEARNS MAGNETIC, INC. 692 S. 28th St., Milwaukee 46, Wis. 





| 
| 
| 
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automatic adjustable pressure un- 
loading, hydraulic remote, electric 
remote, electric-hydraulic servo 
and pneumatic controls mount on 
either side of the pump case. 
Drive speed ranges from 710 to 
1750 rpm; maximum delivery, 
from 440 to 1120 cu in. per minute, 
Maximum continuous’ working 
pressure in all pumps is 1140 psi, 
and peak pressure of 1350 psi can 
be exerted for short intervals. 
Made by Oilgear Co., 1568A W. 
Pierce St., Milwaukee 4, Wis. 


For more data circle MD-106, Page 297 


Leather Oil Seal 


Low-torque operation with no 
measurable leakage and long life 
even at 200 F is provided by this 
Micro-Tore leather oil seal. Unit 
consists of chrome - retanned 
leather sealing lip coated with dry 
lubricant and elastomer material 
which renders walls of sealing lip 


impervious to lubricants. Center 
portion of sealing member retains 
natural porosity of leather, allow- 
ing it to absorb and store lubri- 
cant for use when normal supply 
is exhausted, making seal prac- 
tical for starved or semi-starved 
sealing applications. Made by 
National Motor Bearing Co., P. 0. 
Box 1030, Redwood City, Calif. 


For more data circle MD-107, Page 297 


400-Cycle Circuit Breaker 


This lightweight 400-cycle cir- 
cuit breaker for the protection of 
polyphase circuits is claimed to be 
the first of its kind. Polyphase 
operation is accomplished by com- 
panion-trip principle, whereby two 
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Here are the 
straight facts 
about “0” rings 
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Only compression-molding produces “O” Rings with the uniform 
cure and grain structure ... flash-free finish... and precise, 
uniform tolerances so necessary in modern sealing applications. 


“O”" Rings produced by injection or transfer methods 
have, in the past, enjoyed some advantages in applications 
where price was the deciding factor. 


Today this advantage no longer exists! 


LINEAR, with a revolutionary, new, high-speed process 
now produces true compression-molded “O” Rings 

at a rate and cost not possible with injection molding 
or transfer methods. 


This process, known as “ROTO-MOLDING”, provides all these 
superior features—regardless of the compound used: 


1. Superior flash-free finish. 


. Far closer dimensions than ever before possible 
by any molding method. 


. Superior physicals. 


. Greater resistance to distortion under hydraulic 
or pneumatic pressure. 


5. Greater resistance to abrasion. 


There's no need to compromise with the finest quality, 
when the finest now costs no more! Get full facts today 
on LINEAR ROTO-MOLDED perfect circle “O” Rings 

in a variety of sizes and materials. 


“PERFECTLY ENGINEERED PACKINGS 


LINEAR, Inc STATE ROAD & LEVICK ST., PHILA. 35, PA 
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NEW DC RELAY 






gepilse 2 


ier Stud Mounting 
Easy To Connect 








or three single-pole circuit break- 
ers in a common assembly are 
linked together externally at the 
handles. Tripping out of any one 
phase causes simultaneous inter- 
TYPE “oO” ruption of all phases. Device em- 
ploys hydraulic-magnetic opera- 
tion, based solely on current value. 
| Current capacity, minimum and in- 
| stantaneous trip points are con- 



























An efficient, sensitive, DC relay, designed primarily for auto- 








motive light systems, electronic tube circuits, alarm systems stant, regardless ef ambient tem- 
and other similar applications. Custom-engineered to your | perature. No thermal elements are 
specifications. employed. A selection of 400-cycle 







time-delay response curves is avail- 
| able, as are one, two or three-pole 
models in any rating from 100 ma 


TYPE O-1— Short frame. Height, TYPE O-2—Long frame. Height, _ to 50 amp. Made by Heinemann 
| Electric Co., 572 Plum St., Tren- 





Available in 2 Sizes: 











16"; length, 1°54"; width, 7%”. 1%6"; length, 19%4”"; width 7%”. | ton 2, N. J. 

Sensitivity, down to 75 milliwatts. | Sensitivity, down to 50 milliwatts. For more data circle MD-108, Page 297 
Maximum resistance, 9000 ohms. Maximum resistance, 13000 ohms. 

Maximum contact combination, Maximum contact combination, 

DPDT. 10 amp. contacts. | DPDT. 10 amp. contacts. 






| Precision Cams 





Comar specializes in designing and manufacturing relays to fit all types Wide variety of types and sizes 


| of cams for most applications in- 
relay for your specific needs. Send for details and free catalog now! | cludes those for use as highly ac- 
| curate, compact mechanical memo- 
| ries for analog computers and simi- 
lar systems. Cams are available 
complete with followers and all 
necessary gearing, mounted and 
ready for incorporation into a syS- 






of requirements. Our engineers will assist you in determining the correct 
















& OMAP svecreic COMPANY 


@ © 3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 













RELAYS » SOLENOIDS + COILS » TRANSFORMERS * SWITCHES + HERMETIC SEALING 
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S$ your stage when you design. .’ 








GARDNER-DENVER 


If you're designing with one eye on the export 
market, Gardner-Denver pumps, air compressors 
and air motors can help your products earn con- 
fidence in any corner of the globe. 


These quality Gardner-Denver products are known 
and serviced throughout the world. You can 
assure your customers that factory-trained service 
personnel are available through Gardner-Denver 
distributors and branch offices in many countries. 


Want to hear more details? Write us today. 
Gardner-Denver Company, Quincy, Illinois. 


SINCE 1859 


RDNER DENVE 


PAVING BREAKERS 


RX VACUUM 
PUMPS 


DRILL STEEL 


HA COMPRESSORS GROUT PUMPS POWER PUMPS PORTABLE COMPRESSORS = SHARPENERS 


THE QUALITY LEADER IN COMPRESSORS, PUMPS AND ROCK DRILLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada) Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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SHOCK and VIBRATION 





“Definitely improved the reliability of the transformer 
accessories and, consequently, the performance of 
our transformers” 


Vibration is inevitable in the opera- 
tion of large power transformers. like this 
20,000 KVA unit. But harmful effects are 
prevented by the Barrymounts that isolate 
temperature indicators, and control cabinets 
containing switches, relays, gages, and other 
sensitive instruments. In this installation, 
small #302 unit Barrymounts isolate the 
liquid-temperature indicators and medium- 
size #C-2000 Barrymounts isolate the con- 
trol cabinet, prolonging the life of delicate 
equipment and protecting the reliability of 
transformer performance. 

Wherever vibration is present, Barry- 
mounts will keep it under control. Let us 
tell you how to protect your products from 
shock and vibration. Ask for Bulletin EG-54 
“This is Barry.” 


SALES REPRESENTATIVES 


722 PLEASANT STREET 
WATERTOWN 72, MASS. 


IN ALL PRINCIPAL CITIES 





New Parts 
«<i —~ -:- a 





tem, or they can be supplied alone. 
Cams are classified as three- dimen- 
sional or single-input. The former 
is a compact unit which continuous- 
ly and accurately satisfies an ar- 
bitrary function: z=f(x, y), where 
x and y are independent variables, 
and z is the output. Tolerances are 
as close as +0.0005-in., and a 
wide range of materials is avail- 
able. Single-input cams _ include 
grooved flat cams, external flat 
cams and grooved cylindrical cams. 
These designs are most often used 
to obtain a motion or function 
which bears a nonlinear relation 
to another single motion or func- 
tion:-y = f(x). Squares, trigono- 
metric functions, logs, ballistic data 
and reciprocals of square roots are 
typical outputs. Made by Ford In- 
strument Co., Div. of Sperry Corp., 
31-10 Thomson Ave., Long Island 
City 1, N. Y. 
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Automatic Transmission 


Designed for use on two-wheel 
propelled vehicles such as small 
tractors and cars, Duo-Drive unit 
combines functions of clutch, 
transmission and differential. Belt- 
drive unit mounts direct on engine 
crankshaft and consists of two 
variable-diameter pulleys driving 
a countershaft for each wheel. 
Traction wheels are allowed to re 
volve at different speeds on cor 
ners, with full drive to each. De- 
vice is controlled by centrifugal 
governors and is fully automatic. 
Below factory-set engagement 
speed, belts are completely re 
leased. Drive is a single rotating 
unit and can be quickly installed 
on a 114-in. or longer horizontal 
shaft. It is available for A or B 
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CIRCUIT USING NEW 
DENISON VALVE 


CASE STUDY NO. 822-DV 


PUMPS 
MOTORS 
CONTROLS 
PRESSES 
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without 
measurable 


wear 


NEW DENISON %” Solenoid Controlled— 
Pilot Operated Subplate Type 4-Way Valve 
for operating pressures up to 3000 psi 


4 SPOOL TYPES — Provide all positioning arrangements 
required by most circuits. 


SPOOLS POSITIONED 3 WAYS—Wicth solenoid de-energized, 
spools may be spring offset, spring centered or without springs. 


ADJUSTABLE PILOT CHOKES — Available if required for 
precise control of pilot flow to insure smooth, shockless reversal, 
time delay or sequence control. 

PILOT PRESSURES TO 3000 PS!I—Operated with pilot pres- 


sures from 50 psi to 3000 psi internally or externally without 
need for differential pistons. 


INTERNAL OR EXTERNAL PILOT PRESSURE -— May be 
internally or externally pilot operated and changed from one to 
the other in less than 2 minutes. 


These SUPERIOR FEATURES in a valve likely INTERCHANGE- 
ABLE with that you are now using . . . but at a LOWER Cost. 


Inquire about quantity discounts. 
GET FULL FACTS. Specifications and description are in 
Bulletins VD-7 and VD-8. 


THE 
DENISON ENGINEERING COMPANY 
1240 Dublin Road «+ Columbus 16, Ohio 














































Is the development of your design 
idea hampered by the need for metals 
harder than steel . . . metals to resist 
deformation under high pressures, to 
maintain tolerances under abrasion? 

If so,consider Kennametal,* a series 
of hard carbide alloys of tungsten, 
titanium, tantalum and columbium 
with cobalt. Kennametal has a 
Young’s Modulus of Elasticity of 
60 million to 90 million psi. This ex- 
ceptional resistance to deformation 
will enable you to design parts which 
will deflect only 4 as much as those 
made of steel. 

Hard Kennametal alloys often 
withstand abrasion 10 to 100 times 
longer than steel for the same loss of 
tolerance. 
























Kennametal putty gun tip handling abrasive material under heavy air pressure 
outlasts hardest steel 14 to 1. Write for Performance Report No. 469. 


to designers and inventors 
who need metals harder than steel 


*Registered Trademark 





Rigidity and high temperature 
strength are other favorable charac- 
teristics of Kennametal. And, where 
corrosion or oxidation resistance is a 
factor, our titanium carbide, Ken- 
tanium,* may serve your purpose. 

The success of your project or in- 
vention may be made possible by the 
application of Kennametal to critical 
points. 

For more information, write 
KENNAMETAL, INc., Dept. SA, 
Latrobe, Pennsylvania, for Bulletin 
C-53 or tell us about your problem. 


INDUSTRY AND 


KENNAMETAL 
.. Partners in Progress 
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belts for 9g or %4-in. shafts and up 
to 4-hp gasoline engines. Made by 
V-Plex Clutch Div., Light Inspec- 
tion Car Works, Hagerstown, Ind. 
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Three-Way Valve 


Made with a full %-in. passage, 
this three-way air control valve 
is available as a normally-closed 
model with hand lever or without 
the lever for machine mounting 







and cam actuation. It operates in 
any position and instantaneously 
actuates air cylinders with ‘-in. 
movement of plunger. Air connec- 
tions made to parallel hose nipples 
at rear keep lines out of the way. 
Valve is drilled for horizontal or 
vertical mounting and has brass or 
aluminum internal components. Di- 
mensions are 24% x 14% x 2% in. 
without handle. Made by Air-Mite 
Devices Inc., 4417 W. Carroll Ave., 
Chicago, II. 
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Reversing Drum Switch 


Bulletin 905 switch has double- 


break silver contacts which are 
closed by positive, straight-line ac- 
tion. It has high interrupting ca- 
pacity and long life. Ratings «are 
14% and 2 hp at 115 and 230 v, 
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OR TODAYS 
COMPACT 
MOTOR DESIGN 


There are, as you know, new NEMA Standards 
for electric motors ... more power im less space. 


look for the one that is built.on a solid founda- 
tion...it carries the Fairbanks-Morse Seal of 
Quality. 


The Standards are new... But the Idea Is Not 


Like the recent Fairbanks-Morse developments 
in other lines, the new F-M motor is the result 
of a basic engineering philosophy: More Per- 
formance in Less Space—a 120-year tradition 
at Fairbanks-Morse. Fairbanks, Morse & Co., 
600 South Michigan Avenue, Chicago 5, Illinois 


FAIRBANKS-MoRSE 


a@ name worth remembering when you want the best 








ELECTRIC MOTORS AND GENERATORS e DIESEL LOCOMOTIVES 
AND ENGINES + PUMPS « SCALES + RAIL CARS + HOME 
WATER SERVICE EQUIPMENT + FARM MACHINERY « MAGNETOS 
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When you look for a new NEMA frame motor, 
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Advanta ges 





By J. E. GuTZWILLER 












Interchangeability—The De Laval Steam Turbine Company 
was one of the first, if not the very first, manufacturer of 
heavy duty machinery to build worm gearing with inter- 
changeable parts manufactured under limit gage control. 
Thus, worm and gear sets of like center distances but of 
different ratios can be readily interchanged if revision of 
speeds becomes necessary. Standard parts are always avail- 








able for maintenance. 

High Shock Load Capacity—The worm gear tooth form is 
such that the gear teeth are under a crushing, rather than a 
bending load. For this reason extremely high momentary 
and shock loads, damaging to many forms of gearing, can be 
successfully withstood. High momentary overloads seldom 
cause failure, as worm gear ratings are figured on the wear 
resistance of the gear teeth. 























Standard 142° involute 
spur gear tooth 

and old time 

worm tooth. 




















20° stub gear tooth. 


















De Laval 

Worm Gear Tooth. 
Note, line of pressure 
falls inside 

base of tooth, 
























of Worm Gearing 


Assistant Chief Engineer, Worm Gearing Department 
De Laval Steam Turbine Company 











Long Life—Bronze gear teeth maintain their correct form 
due to the regenerating action of the hardened steel worm, 
which retains its original shape throughout years of wear. 
A worm gear drive actually improves with service. This fact 
is peculiar to worm gearing and contributes to its recognized 
long life. 

Smooth, Quiet Power—De Laval worm gearing transmits 
power by a continuous shockless action. Three or more 
teeth are in contact at all times, giving an even flow of 
torque and uniform angular velocity and@iminating vibra- 
tion, pulsation, chatter and customary gear noises. 


Compact Right Angle Drive—The use of worm gearing makes 
a neat, closely coupled, compact drive, with the motor 
shaft at right angles to that of the driven machine. 
‘arger Gear Ratios Simplify Design—Worm gearing offers 
larger ratios of speed reduction in a single compact set, 
another space-saving feature for the design engineer. The 
larger gear ratios obtainable in a single worm and gear set 
reduce the number of moving parts required. 

Safety and Ease of Maintenance—The small number of 
moving parts in a worm gear drive may be readily enclosed, 
thus avoiding the hazard of exposed moving parts. Assuming 
proper lubrication, worm gearing operates with minimum 
attention, even under the most adverse conditions. 


Reference Manual On Worm Gear Sets 


Design engineers will find this new 
catalog a helpful working tool 

in the selection of worm gear sets. 
It contains examples of how to 
select worm gearings, worm and 
gear data, standard worm mounting 
dimensions, horsepower ratings, 
data on shaft stresses as well as 
other information. 

Write on your business letterhead for Catalog 5000 to 
De Laval Steam Turbine Company, 858 Nottingham Way, 
Trenton 2, New Jersey. 
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depend on 
the rugged 


MARK-TIME 
“HAO” Bell 
Time Switch 





SPECIFICATIONS 


UL approved for 20 ampere, 125 
volt, 1 HP or 10 ampere, 250 volt 
operation, AC only. Timings 
available from 60 seconds to 
5 hours. Normally supplied with 
center stud mounting. Other 
mountings available on request. 











Soe, 







double servicel 


special order. 










Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St., Ottawa, Ontario, Canada 
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This Mark-Time switch is built to uphold 

the reputation of your product. Install it 
in your appliances, devices or machines, 
and give your customers a double- 
purpose time switch. 5400" turns OFF 
the circuit at the end of a pre-set time 
period...and gives a clear warning 
bell signal. Your customers will like that 


“5400” has a wide range of applica- 
tions... . is available with a wide variety 
of modern dials and knobs... can be 
supplied as an “ON" type of unit on 


Write today for full details and prices. 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 
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single phase ac; 1% at 110 v and 
2 hp at 220 and 440/550 v, two 
and three-phase ac; and 14-hp at 
115 and 230 v de. Reversible op- 
erating handle can be changed to 
operate from the front, back, or 
either side of the switch without 
necessitating removal of the cover. 
Terminals are easily accessible up- 
on removal of the cover. Holes on 
bottom and back of switch en- 
closure permit mounting in various 
types of locations. Made by Fed- 
eral Pacific Electric Co., 1429 
Park St., Hartford 6, Conn. 
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Copper Louvers 


Corrosion-resistant circular cop- 
per louvers prevent moisture and 
fungus damage by assuring ade- 
quate ventilation. Recommended 
for paint protection, they are al- 
so suitable for ventilating instru- 
ment and other casings and for 






isolating radio frequency interfer- 
ence. Available in weather and 
termite-resistant design, louvers 
are made in 1, 1%, 2, 2%, 3, 4 and 
6-in. sizes. Made by Midget Louver 
Co., 15 Wall St., Norwalk, Conn. 
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Magnetic Counters 


Compact and lightweight, model 
MC-505AS is a high-speed preci- 
sion counter which adds and sub- 
tracts magnetic pulses in a digital 
control system. Having five elec- 
trically actuated digit wheels, it 
adds or subtracts from 0000.0 to 


9999.9 in response to magnetic 
(Continued on Page 352) 


eep out dirt and moisture 





Seal in lubrication or hydraulic fluids 


S.S.White plastic plugs and caps can 
save you thousands of dollars in dam- 
age complaints and rejections — at the 
cost of only a few pennies! Use them to 
cover openings and fittings before ship- 
ment. They’re quickly and easily applied 
—and won't shake loose during transit. 
They’re available in both threaded and 
unthreaded types and in a range of sizes 
and styles to meet every need. 


iET US QUOTE YOU ON YOUR REQUIREMENTS 


We can quickly fill 
stock and are prepar 
cial sizes when required. 












SYP 








—the inexpensive way 






to protect 







valuable parts 






during shipment 

















































our order from 
to make up spe- 









GET FULL DETAILS —_— 


Bulletins P-5203 ~~ 8 








Write for free copies. @ 




































of motors! 





A completely 






* i ae 


more power-packed . . _ higher in efficiency .. . lighter in weight... . 





smaller... better protected ...quieter running...more efficiently cooled 





... more flexible . . . easier to install . . . modern in appearance 







... and maintenance-free! 






Compare this new polyphase, dripproof LeELanp vance use of improved electrical steels and high- 
“Loadstar” motor point by point, feature by feature dielectric insulating materials, which have made pos- 
—the way we do at the factory—with all leading makes _ sible the new NEMA ratings! 








of motors! See if you, too, don’t find it even further This completely new line of “Loadstar” motors 
ahead of competition than previous LELAND motors, carries over, with added refinements, many time- 
prior to rerating! proved LEeLanp features. Others, entirely new, reflect 





Users of LELAND motors have been enjoying out- LELAN»’s unique experience and creative engineering. 
standing performance, extra capacity and greater Some of these are shown below. For the complete 
durability for a long time . . . perhaps unaware that _ story and frame dimension details, write for Bulletin 
these characteristics were often due to LELAND’s ad- No. 103. 


























Cooling: (by convection) dual fans draw air leland’s denser, high-dielectric slot and phase End shields have openings only in lower 70° 
in both ends, discharge through center vents; insulation takes less room, permits more cop- . . . can be rotated for dripproof mounting on 
(by conduction) through partial stator-core-to- per in each slot, increases efficiency and aids _ wall or ceiling. Drip cover provides for vertical 
outer-shell contact, shown in cut at right. heat transfer. dripproof mounting. 





Fon 


Rigid cast iron center and end frames (painted New motors take up to 40% less space; save as Closed rotor slots and preloaded ball bearings 
gray) assure accurate rotor alignment. much as 33% in shipping weight. eliminate whir and rattle heard in many motors. 





Another Product 








LELAND motors in previous NEMA 


standard frames will continue to 
be available for replacement 
. and the convenience of present 


M7 ro) TO y-) s customers. 


New “Loadstar” polyphase, dripproof 
motors in 1, 142 and 2 HP (180 
frames) now ready. Totally enclosed 
and explosion-proof frames — also 
higher horsepower and single phase 
motors — available soon. 









THE LELAND ELECTRIC COMPANY, DAYTON I, OHIO, Division of American Machine & Foundry Company 

















OFFICES 


352 








with a CAMBRIDGE 


WOVEN WIRE CONVEYOR BELT! 


Cut corn is blanched, cooled and frozen on Cambridge Woven 
Wire Conveyor Belts. Entire operation is continuous and automatic, 
requires no manual handling until discharge from freezing tunnel. 


Regardless of whether your process temperatures range from sub-zero 
to as high as 2100° F . . . whether you use water rinses, acid pickles or 
other corrosive processes . ..a Cambridge woven wire belt can help you 
cut manufacturing costs by contributing to automation . . . continuous, 
automatic production. 
Cambridge belts are all metal and can be woven from any metal or 
alloy. Thus, they are impervious to damage from heat, cold or corrosive 
conditions. That’s why they can be used to process parts or materials 
while moving from one location to another. 
Because of their open mesh construction they permit free circulation of 
process atmospheres, free drainage of process solutions. They are avail- 
able in a wide range of specifications for carrying light or heavy loads, 
large or small parts. 
Special raised edges or cross-mounted cleats to hold your product on the 
belt during flat or inclined movement are easily supplied. 
Get the full story—FREE! Learn how Cambridge Woven Wire Con- 
veyor Belts can help you boost efficiency by continuous, automatic 
production . . . automation! Write today for your copy of this 
manual of belt applications. It’s the most complete text available. L 
Or, for immediate advice, call in your Cambridge Field Engineer. 
You can rely on him to make just the right recommendation for 
you. Look under “Belting-Mechanical” in your classified phone 
book, or write direct. 


The Cambridge Wire Cloth Company 


DEPARTMENT N 
CAMBRIDGE 10, 
MARYLAND 


INDUSTRIAL AREAS 


+ 


+—4 METAL +++ SPECIAL 
tT CONVEYOR? METAL 
BELTS TFABRICATIONS 


+—+ 


IN LEADING 
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(Continued from Page 349) 


pulses applied to respective termi- 
nals. Similar in appearance, model 
MC-504 SZL is a four-digit, elec- 
trically actuated counter that sub- 
tracts from 999.9 to 000.0 when 


actuated by magnetic pulses and 
opens or closes a precision snap- 
action switch at zero level. All 
wheels of both counters may be 
set individually to any predeter- 
mined number through a sliding 
front window. Made by Photocon 
Research Products, 421 N. Foothill 
Blvd., Pasadena 8, Calif. 
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Adjustable Thermostats 


Suitable for direct control of 
heaters and for temperature alarm 
or cut-off service, C8 series ther- 
mostats are adjustable by means 
of an arm which projects through 
the wall of the hermetically sealed 
space. They can be set to oper- 
ate at any temperature from — 100 
to 300 F and may be exposed to 
any temperature within this range 
without change of control point. 


These units withstand shock up 
to 150g and vibration of 259 
at frequencies up to 1000 cycles 
per second. The encasing shell is 
the temperature responsive ele- 
ment. Factory settings are ordi- 
narily made to a tolerance of 
+ 5 F, and repetitive operation is 
within + 1 F. Differential is about 
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Overload Release 
© LUTCH 


eae 38 my 


protects against conveyor overload 


“FOR THE: renee Monee ne 
/ LAMSON CORPORATION: ' 

This prominent Syracuse, N. Y., manufacturer 
of materials handling equipment has selected the 
Maxitorq Overload Release Clutch for power trans- 
mission on its drive unit for the Lamson overhead 
conveyor. On installations which handle heavy loads 
the cam design feature automatically causes instant 
disengagement of the clutch when the overload is 
substantially greater than the normal driving load 


... thus preventing damage to product and machine. 


The Overload Release Clutch has all of the highly 
favored features of the standard Maxitorq floating 


disc clutch . . . Separator springs that keep discs 
“floating” in neutral . . . no drag, no abrasion and, 
consequently, no heating in neutral. Assembly, ad- 
justment and take-apart are made without use of 
tools. Engagement is easily controlled, with light 


pressure. Disengagement is instant and complete. 


There are six capacities, 4% to 5 h.p. at 100 r.p.m. 
Maximum working torque from 13 to 263 ft. lbs. 
There are so many varied applications of this Over- 
load Release Clutch that we suggest submitting your 
clutch problems to our engineering department fer 
practical recommendations. In other words, “‘let’s 


talk Maxitorg.” 


SEND FOR CATALOG NO. MD-10 











THE CARLYLE JOHNSON MACHINE COMPANY 


MANCHESTER 
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CONNECTICUT 
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REULAND 
Apandable ‘design 


combines motors brakes 
fluid couplings « gear- 
reducers into tailor-made 


single- POWER 


unit 


PACKAGES! 


























typical adaptations 
from this 






Motor with Reuland ‘Through 
Shaft’’ magnetic brake 








Motor with fluid coupling and 
brake on output shaft 





Motor with fluid coupling and 
helical gear reducer 





GREATER COMPACTNESS... 
one service responsibility! 


©) 











Instead of buying and aligning several sep- 
arate units, install Reuland tailor-made, single- 
unit Power Packages. You save space and 
weight, reduce prices up to 25% —simplify 


installation—improve in-the-field performance. also be added) 


Literally dozens of combinations are available 
to fit every powering job. All economical, 
standard assemblies using the basic Reuland 


“XPANDABLE” motor design. 


If your equipment utilizes a motor, brake, 
fluid coupling, gear reducer (or any combina- 
tion) why not find out first-hand what a 
Reuland Power Package can do for you. Give 
us the details and we'll even submit a “tailor- 
made” test unit on approval. 





OVER 800 “SPECIAL” ELECTRIC MOTOR DESIGNS... 
Still further versatility is provided by the 
Reuland “Library of Specials?’ Over 800 mo- 
tors with special electrical and mechanical 
characteristics ...800 ways you can save de- 
velopment work, get in production faster! 


<@E>REULAND 






















Motor with fluid coupling, output 
shaft brake and helical gear 
reducer (second brake may 


Motor with fluid coupling, right- 
angle worm reducer and brake 


Write 
today, 
outlining 
your 
particular 
power 
problem. 
No 
obligation, 
of course. 


ELECTRIC COMPANY 


Distributors in all principal cities 


WESTERN DIVISION: Alhambra, California * EASTERN DIVISION: Howell, Michigan 
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1 F. Contact rating is 5 amp at 
115 v ac. High potential test is 
1250 v ac, and leakage resistance 
is 500 megohms minimum. Basic 
thermostat is %-in. in diameter 
and 2%4-in. long and weighs 0.04- 
lb. Forms are available with 
mounting flanges, mounting brack- 
ets, and pipe threaded fittings. 
Made by G-V Controls Ine., 28 
Hollywood Plaza, East Orange, 
N. J. 
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Perforated Sheet 


Nonmetallic standard Acouperf 
sheet materials are available in 
ten perforation patterns, ten col- 
ors, and in flexible or rigid grades 
from 0.010 to 0.080-in. thick. They 
are also available with three-di- 
mensional patterned finish. Since 
materials offer no obstruction to 
sound passage, they are suitable 
for use in radio and television sets 
and for sound reproduction and 
control. Materials can be stapled, 
nailed, glued, screwed, cut with 
shears, knife or scissors or outline 
diecut. Made by Pearson Indus- 
tries, 4624 N. Sheridan Rd., Chi- 
cago 40, Il. 
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Range Selector 


Developed as an automatic fre- 
quency control device, this range 
selector is adaptable for use with 
V-belt speed changers or any cam- 
actuated mechanism requiring 
variable rotation. It incorporates 
a camshaft which is turned by a 
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it’s a 
WICHITA 


LOW INERTIA 


Air-Tube CLUTCH 

















For smoother, faster, more consistent and 
trouble-free operation, this Johnson 90-ton 






OBI press was equipped with a Strong Heart 
... The WICHITA Low Inertia Air-Tube CLUTCH. 
This clutch is compact, powerful, and BUILT 
FOR YEARS OF SERVICE. Make your machin- 
ery more efficient with increased performance 
and production by changing to Wichita Low 
Inertia Air-Tube Clutches... NOW! 


Additional Adyaxtoges 
te SAFER OPERATION 
3% COOLER RUNNING 
% MINIMUM SLIPPAGE 
%& NO LUBRICATION 
%& NO ADJUSTMENTS 


% NO BACKLASH 


% BUILT IN STANDARD & 


LOW INERTIA TYPES 
(ALL POSITIVELY VENTILATED) 































FOR COMPLETE INFORMATION, CALL 
THE WICHFFA ENGINEER NEAREST YOU 
ARO: aammaconeneeae 


WICHITA DISTRIBUTORS 




















Mthm-Lohner, inc., Detroit, Michigan Frank W. Yarline Co., Chicago; Il. 

CR, Fremont, Cincinnati, Ohio Power Rig & Equipment Co., Inc., Long Beach, Calif. 
W.-G. Kerr Compony, Pittsburgh, Pa. John C. Burge, Oklahoma City, Oklchome 
SaifiKeser & Co, (Main Office) West Hartford, Conn. Dominion Power Press Equipment, Ltd., Toronto, 
‘mith-Keser & Co., Philadelphia 44, Pa. Ontario, Caneda 






Smith-Keser & Co., New York, N.Y, Robert R. King Co., Cleveland, Ohio 

















HANDLING CORROSIVE 
LIKE seal . 
THESE? 


Type 9 


QWs MECHANICAL 


SEAL 


Performance records plainly prove that this “John Crane” 
development has successfully solved the handling of the most 
difficult corrosive liquids and gases. Where conventional type 
seals had failed, the Type 9 has done the job. It continues to 
answer new problems, including temperature conditions from 
—120°F. up to 500°F. 


Designed to withstand practically all chemicals, the Type 9 
incorporates a flexible wedge ring and sealing ring molded 
from DuPont’s Teflon. It is engineered for the particular 
application and can be furnished in the metallurgical speci- 
fication best suited to the service. Teflon* 


Your toughest prob- 
lem can be the Type 9’s 
next success story. Use 
it on all rotating shaft 
applications, including: 
centrifugal, rotary pumps, 
mixers, agitators, auto- 

_ claves, other equipment. 


Get complete information on the Type 9 Seal from Crane Packing Co., 
1825 Cuyler Ave., Chicago 13, Ill. 


In Canada: Crane Packing Co., Ltd.,617 Parkdale Ave., N., Hamilton, Ont. 
* Du Pont trademark 


CRANE PACKING COMPANY 
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fractional-horsepower speed reduc- 
tion motor. Shape of cam depends 
upon requirements. Selector can 
be set so that cam turns any frac- 
tion of a revolution. Two manu- 
ally adjustable knurled disks on 
camshaft have stop pins which ac- 
tuate a limit switch to reverse cam 
rotation. Device requires space 7 
x 834 x 9% in. Made by All Amer- 
ican Tool & Mfg. Co., 8027 Lawn- 
dale Ave., Skokie, Ill. 
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| Miniature Potentiometers 


Redesigned series AJ Helipot 
ten-turn miniaturized precision po- 
tentiometers are available in both 
linear and nonlinear models, for 
servo or bushing mounting. Unit 
contains an 18-in. mandrel-wound 
resistance element which provides 
resolution as fine as 0.01 per cent. 


In linear versions standard resist- 
ance range is 25 to 100,000 ohms, 
and standard linearity tolerance is 
0.5 per cent. In nonlinear versions, 
standard conformity tolerance for 
most functions is +1 per cent. 
Models designated AJSP have 
servo lid and precision miniature 
ball bearings; AJS models hzve 
servo lid and sleeve bearings; and 
AJ models have threaded bush:' 
and sleeve bearings. Termil 
are gold plated. Power rati*s 
is 2 w at 40 C ambient. Units 
114 in. long and %-in. in diame‘ '. 
Made by Helipot Corp., 916 M ™ 


idian Ave., South Pasadena, C« 
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Interval Timer 


Compact type 12 MC electro: ic 
interval timer is suitable for pus 
button, foot switch or other ac:'- 
ation of controlled interval ope! * 
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Operating parts of a 3-place 
Jerry unit, with bearing plates 
omitted for clarity. Continu- 
ws rotation assures smooth, 
wisationless flow of power. 


1D Il IX 


rotary piston, multi-place hydraulic 


: ASN Sy 
Wes} 


All three rotating members 
(P,-V-P2) are geared together 
in a 1:1 ratio. There is no 
metallic contact of rotating 
members with the housing. The 





ole aa) ol-mr-lale eo . 


en 


O28) 


No sealing contact is required 
while the piston P2 passes the 





bucket of V, since the pressure 
is equalized around P 2. Center 
member (V) is a rolling seal. 


oil film seals the unit. 
os S N oes AN \ 


\ \\ 
CYIKY VEY 
ee 


gedness of all parts. Anti- Smali radius of gyration ‘of 
pistons produces a low inertia 





The rugged simplicity of Berry 
friction bearings used design leads to long life with- 


throughout provide peak out maintenance, and assures effect, a valuable characteristic 


capacity and efficiency where rapid acceleration or de- 


celeration is needed. 


equal performance in both di- 
rections, and as either pump 
or motor. 































































PUMP MOTOR 

Places Berry Torque Horsepower Speed 
(Cyl- Model GPM Speed Ib.-inches Output 7 ey 
inders) Number (Max.) (Max.) At max. R.P.M. and R.P.M. 

14-15 series intermittent P.S.1. 

14—15 SERIES 
Peremere pump/motor units 1 A-1 9.2 1100 640 14.5 1400 
widing rapid acceleration, fast 2 A-2 18.4 1100 1280 28.5 1400 
“ high etna capacity, 1 B-1 8.05 1750* 360 14.5 2500 
¥ low-speed starting torque. . ; 

pical applications are: machine ~_ 2 B-2 16.1 1750 720 28.5 2500 
%s, farm machinery, oil field 3 B-3 24.5 1750* 1080 43.0 2500 
Pp 1 C-1 9.2 3600 200 14.5 4500 
2 C-2 18.4 3600 400 28.5 4500 
3 C-3 27.6 3600 600 43.0 4500 







































Max. Continuous psi—1500 lbs. Max. Intermittent psi—2000 lbs. 





32—10 SERIES 




















































1 D-1 55.2 472 6144 106 1087 

32-10 series 2 D-2 111.5 472 12288 212 1087 

3 D-3 168.3 472 18432 318 1087 

"hides horsepower applica- i B-1 55.2 760 3816 106 1750 

Such as cranes, sawmill car- 2 B-2 111.5 760 7632 212 1750 

wx ive, marine winches and 3 B3 | 108.3 760 | 11448 318 1750 
‘plans, earth-moving equip- 

\aliing machinery, stock mil 1 E-1 53.0 1175t 2370 106 2818 

women 2 E-2 107.3 1175t 4740 212 2818 

3 E-3 162.0 1175f 7110 318 2818 





























Max. Continuous psi—1000 lbs. Max. Intermittent psi—1500 lbs. 


32—05 SERIES 





32-05 series 





























































1 B-1 60 650 1525 36 1500 

er in the oil-hydraulic ele- 2 B-2 120 650 3050 72 1500 

el field because of low noise 3 B- 3 180 650 4575 108 1500 

* sie Pulsationless operation, 4 B-4 240 650 6100 144 1500 
. les units are used also : : 

rop forges, sawmills, lumber Max. Continuous psi—300 ia Max. Intermittent psi—500 lbs. 





mockers, and miscellaneous fluid 


Onsfer ®pplications. 


*Suitable for 2000 rpm. max. tSuitable for 1222 rpm. max. 


| wel BERRY DIVISION ae 


llas. Ch; : OLIVER IRON AND STEEL CORPORATION 
» Chicago, Pittsburgh, for name of nearest 


ingham, Ottawa : Te =Yee™ : Be rr 





WAREHOUSES: 


























with 
Biyur 


AUTOMATIC 
LUBRICATION 


Bijur Automatic Lubricating Sys- 
tems designed into your machines 
from the start help you build an 
early lead in customer satisfaction. 

And with Bijur you are right be- 
cause for a quarter of a century 
Bijur Automatic Lubricating Sys- 
tems have been part of efficient 
production programs. 

Your customers prefer automatic 
lubrication in the equipment they 
buy because it increases production 


<> 











and reduces operating costs. Built 
into your original plans for ma- 
chinery production, a Bijur Auto- 
matic Lubricating System can work 
for you by increasing customer ac- 
ceptance, assuring bearing safety, 
and contributing to operating effi- 
ciency. 

Call in a Bijur lubrication engi- 
neer. He is ready to help with your 
technical problems. 


@ 1034 


Biyur 


LUBRICATING CORPORATION 
Rochelle Park, New Jersey 


Proneen. tn Arulemilic Lub ication 
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New Parts 








tion of machines. Cathode tubes 
provide accurate, continuously ad- 
justable intervals from 0.05 to 7 
seconds without warmup. Single- 
pole double-throw relay has nor- 
mally-open 10-amp contacts. Timer 
requires 0.1-w for operation from 
any 105/125-v 25 to 400-cycle ac 
source. Model 1, illustrated, is de- 
signed for panel mounting; Model 
2 is mounted in a lacquered steel 
box measuring 3x 4x5in. Made 
by G. C. Wilson & Co., 1950 Eighth 
Ave., Huntington, W. Va. 


For more data circle MD-119, Page 297 


Plastic Foam Material 


Upon addition of a catalyst, 
liquid Eccofoam FP, a foam-in- 
place plastic material, expands 
and finally cures to rigid thermo- 
setting unicellular foam. Material 
can be processed at room tempera- 
ture and canbe foamed to any 
bulk density from 2 through 26 
lb per cu ft. For 10 lb per cu ft 
material, compressive strength is 
340 psi; modulus of elasticity, 11,- 
000 psi; dielectric constant, 1.18; 
and dissipation factor, 0.0004. Uses 
include void-filling for lightweight 
structural reinforcement, core ™a- 
terial for double walled glass f!er 
laminates and embedment of «!°c- 
tronic components and circuits. 
Developed by Emerson & Cuming 
Inc., 869 Washington St., Canion, 
Mass. 


For more data circle MD-120, “age * 


Miniature Connectors 


Series G-20 reverse pin and seck- 
et connectors are available with 
two, three or four contacts. Holes 
in the molding permit side mount- 
ing. Precision machined sockets are 
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Trim costs 

with this hook-up 
for valve-killing 
corrosive services 


MACHINE DESIGN—October 


To end high valve mortality from most cor- 
rosive liquids, and to control fluids that must 
be kept free from contamination or discolor- 
ation, stainless steel is the right metal. But 
it takes more than metal to make a valve. For 
dependable performance, you need the two- 
way hookup — Stainless Steel and Jenkins 
time-proved Valve Engineering. 

With the increased demand for processing 


equipment that resists corrosion, more and 
more Stainless Steel Valves have been added 
to the Jenkins line. It now includes types, 
designs, sizes and alloys to meet practically 
all industrial needs. 

Let the famous Diamond trade-mark be your 
guide when you choose valves of stainless 
steel. As on any Jenkins Valve, it means extra 
value ... longer, trouble-free service life. 


NEW BOOKLET describes the wide range of types, sizes, pres- 
sures, and alloys available in Jenkins Stainless Steel Valves, 
with diagrams and dimensions. Includes description of alloys, 
helpful information on selection, and survey forms. Ask for 
Form 200. Jenkins Bros., 100 Park Ave., New York 17. 


FOSS: 
. SS 3 oN ee 


RS 


SOLD THROUGH LEADING INDUSTRIAL DISTRIBUTORS EVERYWHERE 
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COMPACT DESIGN 
SAVES UP TO 


SQUARE HEADS WITH TIE RODS 


Y VY N 


T-) SPACEMAKER 


SPN ate EE EON NTO 


f 
ZS] / SPACE 
f/ SAVED 
P| See meat 


ides additional room for 


prov 


PERFORMANCE 
WITH ‘EXTRA HIGH 
SAFETY FACTOR! 


CYLINDERS 


OIL pressure to 750-AIR to 200 P.S.I. 


ze Sy digg af re 
| OXOKOY 
e e) oslo ofto . = 


Ney No’ \o4 


CIRCULAR HEADS WITH TIE RODS / 
/ 


o,-—~0]o-~olo-~o] ; 
/ 
/ 
COIL 
O ‘o|jO—“O|o O|/ 


Now the sensational new T-J Space- 
maker sets the pace in compact cylinder 
design and efficient performance! 

New “Self-Aligning” adjustable oil 
cushion means faster acceleration and 
better cushion than ever before . . . New 
T-J Super Cushion Flexible Seals for air 
insure positive cushion with automatic 
=  yalve action for fast return stroke. 
a Ee More plus features include—heavy wall, 

J “= precision honed, hard chrome plated, 

/ “= seamless steel body . . . leakproof cyl- 
=  inder head to we A construction .. . 

heavy duty, high-tensile, hard chrome 
plated piston rod. Write for bulletin 
SM-454-2. The Tomkins-Johnson Co., 








) 
/ 








adjacent equip 


without 


ficing strength. 


Jackson, Mich. 


TOMKINS-JOHNSON 


\ 
TJ CUTTERS CLINCHORS 


RIVITORS. AIR AND HYDRAULIC CYLINDERS 











spring temper phosphor bronze, 
and pin contacts are brass. Both 
are gold plated over silver to pro- 
vide low contact resistance and to 
facilitate assembly soldering. Mold- 
ings available are mineral filled 
melamine, Plaskon reinforced al- 
kyd type 440 and Orlon filled di- 
allyl phthalate. Available from 
Electronic Sales Div., DeJur-Ams- 
co Corp., 45-01 Northern Blvd., 
Long Island City 1, N. Y. 


For more data circle MD-121, Page 297 


















Ternary Counter 





Resin-encapsulated plug-in coun- 
ter has three stable states. Con- 
duction of one tube prevents con- 
duction of two other tubes, so that 
one of the three outputs is always 
at a voltage level different from 










the level of the other two. Input 
pulses cause the “odd” output to 
advance in a sequential manner. 
Frequently range is 0 to 100 xc. 
Negative driving pulses with an 
amplitude between 60 and 150 v 
and a rise time from 0.5 to 1.9 
microseconds are required. Out- 
put at any of the three plates is 
an amplitude of 80 v peak to peak. 
Output rise time is 0.4 microsec- 


















| 
| 
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Users applaud performance of 
Rockwood Ball Valves 















wood Ball Valves in our plant and, under this 
severe condition, the valves have lasted 4 times 
longer than any other make of valve.” 

“Safest for handling inflammable gases.” 

“Rockwood Ball Valves are operated 40 
times a day, handling a mixture of clay and 
water. Each valve has performed better, 
operated easier and lasted longer than any 


other valve we ever used.” 





~~ 





— = 










“Real production boosters and cost cutters 
—and they need absolutely no maintenance!” 






“Operated 350,000 times with no mainten- 
ance.” 

“The quick turn on and off action and leak- 
proof service of Rockwood Ball Valves enables 
our furnace operator to properly control 
process that helps increase furnace capacity.” 

“Only valves to stay in service over a year.” 

“Rockwood Ball Valves operate easier and 
do not bind or stick when opened or closed. 
Because of their trouble-free service, we have 
greatly increased our production.” 

“Definitely superior to any other.” 


“Unfiltered river water flows through Rock- 





says propane plant supervisor. 

“Until we used Rockwood Ball Va!ves we 
were replacing or repairing our old valves at 
least once a week. Rockwood valves have 
operated 500 times a day without maintenance 
for over a year.” 

‘‘Rockwood Ball Valves help keep our syrup 
processing tanks in operation by giving longer 
and better trouble-free service. Floors are kept 
clean, too, because valves close tight and pre- 
vent syrup from dripping.” 

‘“Out-wear and out-perform all other makes 
of valves used previously on these installations.” 
































Four exclusive features hel i 
e p give Longer Wear-Resista — ch i 
Rockwood Ball Valves their trouble-free b aie & ae ae tae laa , 
I - ronze ball stands up under abrasio i nation a 
pete pitting and scratching. ae a 
ull Round Flow—assures fast operation, leakproof — valve stays leakproof in 


less friction loss. 





closed position. 





Quick Opening and Closing — valve need / i i 
' 9 s Valves come in all pipe sizes. T. 
mly 14 turn, even under full pressure. and listed by Dadereciion” pee 


ROCKWOOD BALL VALVES 


ROCKWOOD SPRINKLER COMPANY 


470 Harlow Street 
Worcester 5, Mass. 


Send me illustrated folder V-4 on 
Rockwood Full-Flow Ball Valves. 






Name... 





®See ee ©e@eaceacuee 
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18 PRODUCTION | 
vA INCREASE (’ 





Maintenance 
Practically 
Eliminated 








Winding TV power transformer coils at Sparton Radio -Television 


ICKERS. 


VARIABLE SPEED 


Hydraulic Transmission 


Hourly production was increased 18% when these coil- 














SERIES TR3 














Motion Picture Film winding machines at Sparton Radio-Television were equipped 

presets . amine with the Series TR3 Vickers Variable Speed Hydraulic Trans- 

ee ee ission. This i t resulted from th tor control | 

CintnRacian cane mission. is improvemen resulte rom the superior contr | 

tion where stepless variable features inherent in the transmission: (1) extremely quick and 

on vrenaeentes smooth variations in speed, (2) maximum torque at low rpm, 
+ = 0 ers Hydraulic Power P : . | 
s: Sralksimlecion provided (3) instantaneous starting and stopping. . } 
= 3 much more satisfactory While the previous drives required maintenance approxi- ) 
i operation. mately once a week, the Vickers transmissions have needed 
. attention only three or four times since they were installed | 






four years ago. They have built-in automatic overload pro- 
tection and they are automatically pressure lubricated by the 
power-transmitting medium (oil). 

Perhaps you have an application where this Vickers Vori- y 
able Speed Hydraulic Transmission will make similar improve- 
ments and economies. Ask the nearest office listed below for 








LARS 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 


Bulletin 47-40a. 

§ 

r 

VICKERS Incorporated 7 

DIVISION OF THE SPERRY CORPORATION t 

1430 OAKMAN BLVD. e DETROIT 32, MICH. : 

. , . e 

A rugged, low cost unit used to calibrate accelerometers and other ——. py pg ay BA... ea ——_ : 
equipment under operational acceleration forces. Speed settings must (Metropolitan) « NEW YORK (Metropolitan) » PHILADELPHIA (Metropolitan) , 
be accurate and precisely maintained over extended operating PITTSBURGH «+ ROCHESTER + ROCKFORD « SEATTLE «+ TULSA d 
periods. Driven by Vickers Variable Speed Hydraulic Transmission. WASENGTON ¢ WORCESTER ] 
c 
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New Parts 
onds. Power consumption is 7 ma 
at 250 v dc. Counter measures 2 x 


2x 2 in. and weighs 7.5 oz. Made 
by Walkirt Co., 145 W. Hazel St., 
Inglewood, Calif. 


For more data circle MD-122, Page 297 


Miniature Relay 





No. 8-4C telephone type relays 
have low friction loss and with- 
stand extreme vibration at mini- 
mum power consumption. Various 
contact arrangements up to four- 
pole, double-throw; six-pole, double- 
throw or 2D (make-before-break ) 
are obtained by combining basic 
types. Relays are rated at 3 amp 





at 32 v de resistive or at 3 amp 
at 115 v ac noninductive. Coil rat- 
ing is 2.8 w nominal; 3.85 w maxi- 
mum. Relays weigh 2.25 oz; meas- 
ure 1 7/16 x 1 11/32 x 15/16-in. 
They are also available hermetical- 
ly sealed in miniature 9 or 14-pin 
plug-in or solder terminal types. 
Made by Leach Relay Co., 5915 
Avalon Blvd., Los Angeles 3, Calif. 


For more data circle MD-123, Page 297 


Adjustable Speed Drives 


Fractional-horsepower Adjusto- 
Spede drives combine ac constant- 
Speed induction motors, eddy-cur- 
rent couplings and electronic speed 
controls. They are adaptable to 
business machines, printing and 
Welding machines, wire drawing 
equipment, conveyors and other di- 
versified applications. Designed for 
Wall, ceiling or floor mounting, 
drives are available in 44, 1%4, % 
and %4-hp sizes. Electronic speed 
Control insures stability to within 

(Continued on Page 366) 
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STRUTHERS 

















































New! Low cost 
15-AMPERE RELAY 


... This new 215-Frame Struthers-Dunn relay is spe- 
cifically designed for today’s “‘cost conscious” engineering . . . 


and it’s backed by full S-D quality and dependability. 


Write for S-D Relay Data Bulletin 2215. 


SPECIFICATIONS 


RATINGS: 


15 amperes at 115 volts AC or low- 
voltage DC. 


CONTACTS: 
Single- and double-pole; single- and 
double-throw. 


GET THIS QUICK GUIDE... to the most 
popular of the S-D 5,348 relay types 


Name 
Position . 


Company... 


SALES ENGINEERING OFFICES IN: ATLANTA @ BALTIMORE © BOSTON © BUFFALO © CHARLOTTE * CHICAGO 
CINCINNATI e CLEVELAND e DALLAS @ DETROIT ¢ KANSAS CITY ¢ LOS ANGELES ¢ MINNEAPOLIS ¢ MONTREAL 
NEW ORLEANS ¢ NEW YORK @ PITTSBURGH @ ST. LOUIS © SAN FRANCISCO SEATTLE © SYRACUSE e TORONTO 


COILS: 


AC to 230 volts; DC to 115 volts. 


SENSITIVITY: Normal AC, 3 va.; min- 
imum AC, 0.5 va.; normal DC, 2 watts; 


minimum DC, 0.1 watts. 


STRUTHERS-DUNN, Inc., 
Pitman, N. J. 

Without obligation send the 20-page “Quick Guide" to 
S-D relays and timers. 
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when you design aluminum parts requiring 


WELDING .. BRAZING... 


THERE IS NO SUBSTITUTE FOR REYNOLDS 
EXPERIENCE AND FACILITIES 











Flux coated metal-arc welding in a 


You can design any welded aluminum parts 
for your products with confidence because 
Reynolds Aluminum Fabricating Service can 
produce these parts and produce them effi- 
ciently and economically to your specifica- 
tions. Reynolds years of day-in, day-out weld- 
ing and brazing on a wide variety of jobs—plus 
continuous developments and experimenta- 
tion in the use of welding and brazing equip- 
ment and techniques—assure you the very 
highest quality welded and brazed parts. 
Look at the photos on these pages. Note the 
variety of Reynolds welding and brazing op- 
erations. Reynolds offers welding equipment 







Reynolds plant. 


Reynolds plant photo showing flash 
welding of aluminum. 





ranging from 30 to 800 amp., like the automatic 
fusion welding equipment shown at right ca- 
pable of continuous welding up to 63 inches 
per minute and featuring built-in crater fillers 
that permit crater-free welding. Remember, 
too, Reynolds constant quality control mini- 
mizes “down time”—cuts your costs. 

For full details on these operations and on 
the many other services offered by Reynolds 
Aluminum Fabricating Service, call your 
Reynolds office listed under “Aluminum” in 
your classified telephone directory or write 
Reynolds Aluminum Fabricating Service, 
2061 So. Ninth St., Louisville 1, Kentucky. 


Write for your copy of the new 24-page “Catalog of Facilities.” Get full details on the 
tremendous production facilities of Reynolds Aluminum Fabricating Service. 


SEE ‘Mister Peepers”, starring Wally Cox, Sundays on NBC-TV 








Spot welding clips to roll formed patio 
awning beam in a Reynolds plant. 








REYNOLDS ALUMINUM 


BLANKING - EMBOSSING - STAMPING - DRAWING - RIVETING + FORMING 
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Pee ad 
ti: 





Reynolds automatic 
fusion welding equip- 
ment. Small photo 
shows finished trailer 
wheel welded on this 
equipment in a 
Reynolds plant. 


Inert-gas-shielded 
arc welding on alu- 
minum tubing in a 
Reynolds plant. 


A conveyorized brazing furnace in 
a Reynolds plant. 


FABRICATING SERVICE 3 


ROLL SHAPING - TUBE BENDING - WELDING - BRAZING - FINISHING 
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| New Parts 


(Continued from Page 363) 








+2 per cent of the top speed at 
any point within the speed range 
which is from 0 to 3200 rpm with 
constant torque. Remote controls 
can be used, located as far as 100 
ft away. Drives are available for 
standard single and _ three-phase 
power. Made by Dynamatic Div., 


Eaton Mfg. Co., Kenosha, Wis. 
For more data circle MD-124, Page 297 





| Bar Type Connector 


Compact CAN neutral bar is hard 
Automatic Lubrication | ersaniess conver tains, Cr 
Vi cuit bars are forged into the main 


line connectors at a 20-degree 
Pressure Application — Exact Amounts angle to facilitate wire insertion of 
. every branch circuit wire. Con- 
‘a Accuratety Timed nections are made parallel to each 
other, wires do not spread away 
from the screw head, washer head 
screws are eliminated and forming 


Manzel Force Feed Lubricators meet every or wiring of wires around and un- 
der the screw head is unnecessary. 





Engineered to Your Specific Needs 





requirement for dependable, automatic lu- 
brication on pumps, compressors, engines 
and other modern machinery. Installations 
can be made at surprising low cost with 
any number of feeds and to operate against 
discharge pressures as high as 30,000 
P.S.I.G. And the Manzel organization has 
the experience and knowledge necessary to 
work with you in engineering installations 
to your specific needs. If it’s a question of 
lubrication, write or call Manzel. 


Connection is made by inser'! 
wires in V-shaped hole when screw 
is pulled down. Circuit taps ' 
DIVISION OF FRONTIER INDUSTRIES, INC. No. 14-6 wire, and the main iit 
ant 276 BABCOCK STREET BUFFALO 10, N.Y | load is 250,000 cir mils-6. ™: 
lug and circuit bars are forgec (0 
gether, eliminating the necessity 
of attaching separate line load con- 
nector. Models are available with 
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CRUCIBLE tool steel sand castings 





end frequent replacement of aircraft propeller pump parts... 


This AIRKOOL tool steel sand casting, a sump pump 
housing for an aircraft feathering propeller, adds valu- 
able flying time between overhauls. 


Originally made of magnesium, the housing wore down 
and had to be replaced frequently. Crucible castings engi- 
neers tackled the problem. Their solution: AIRKOOL 
castings of 5% carbon, air hardening tool steel. AIRKOOL’s 
abrasion resistance, toughness, machinability, and non- 
deforming qualities when hardened, make it practical to 
cast to close tolerances. And although the walls of this 
part are sometimes less than 1%” thick, it’s heat treated 
to 55Re with no discernable distortion. 


Refer your production problems to Crucible. For Cru- 
cible castings engineers have both the experience and 
production facilities for quality castings — sand, invest- 
ment, shell mold, green or baked core. When you need 
steel castings call Crucible. 


ail CRUCIB LE| first name in special purpose steels 
54. years of \Fre| stoobmabing — QIRKOOL SAND CASTINGS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL * REZISTAL STAINLESS * ALLOY * MAX-EL * SPECIAL PURPOSE STEELS 
Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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New Parts 








24, 30, 36 or 42 circuit taps. Made 
| by Ilsco Copper Tube and Products 
| Ine., Mariemont Ave., Cincinnati 
| 27, O. 


For more data circle MD-125, Page 297 








Blind Fastener 


One-piece Q-4 fastener resists 
severe and prolonged vibration. In 
use, it is snapped into place in the 
outer sheet or panel, the two 


























panels to be joined are pushed to- 
gether, and the fastener is given a 
one-quarter turn to lock. Fastener 
is self-retaining in outer panel and 
accommodates commercial sheet 
metal tolerances. Sizes are avail- 
able for various panel thicknesses. 
Made by Shakeproof Div., Illinois 
Tool Works, St. Charles Rd., Elgin, 
Ill. 


For more data circle MD-126, Page 297 
























A special Ohio Gear worm and worm 
wheel transmits power to crank gears 
which opens and closes a huge mold 
on the McNeil Bac-O-Matic tire cur- 
ing presses. 






















| Holding Coil Switch 


Series A1200 holding coil switch 


Pp OW E be T he y . he s PA | g Ss °o es performs functions of a relay plus 


two conventional switches. Built- 


TO YOUR SPECIFICATIONS in solenoid holds switch on con- 


tact until solenoid coil circuit is 


externally interrupted. This cir- 
Many of the leading tire manufacturers depend on the McNeil Bac-O-Matic | cuit, as well as external single- 
curing presses to meet their high daily quotas, and in turn — McNeil puts é itch circuit 
their faith in Ohio Gear’s top quality gears for their presses. | pole, single-throw switch cu , 


nee A ; : : 3 ’ r switch 
Transmitting power in huge tire curing operations is one of the many instances can be broken manually by “ 
in which Ohio Gear manufacturing experience is contributing to industry. 





























Perhaps Ohio Gear can do as much for your product as they are doing for 
others with transmission problems. 






ESTABLISHED 1915 















ARV ARS 


THE OHIO GEAR COMPANY, 1338 East 179th a. Cleveland 10, Ohio 
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L.. expensive Roll Formed Lockseam Tubing cuts 
costs on all tubing jobs. In many cases it does a better job 
than more expensive tubing. Lockseam Tubing can be bent as 
easily as other types. Your tubing is delivered ready for use. 
Send us your blueprints for steel or aluminum Lockseam Tub- 
ing. Let us prove that Roll Formed can help you produce a 
better product at less cost. For complete details on Roll 
Formed tubing and special shapes write for Catalog 1053. 
It tells the complete Roll Formed story. 


ROUND SIZES — LOCKSEAM TUBING 


Section No. Wall Thickness ©O.D. Section No. Wall Thickness 
2172 018 Yj,” 20% 
2173 018 5” 2020 
2103 .025—.030 %” 2030 
2174 .025—.028—.032 74” 2176 


ROLL FORMED PRODUCTS 


ComPAN Y 
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The Ultimate |“ 
in Labeling 








Colorful anodized aluminum 
for permanent identification 


TOUGH 

Metal-Cals withstand ex- 
treme surface abrasion 
—are ideal under the 
most adverse conditions. 
They are thin, tough, 
modern nameplates — 
with no projecting rivets 
or screws. 


HEAT RESISTANT 


Metal-Cals meet all 
government require- 
ments for permanent ad- 


» 
a 
} hesion in extreme heat 


\ and cold. May be used 














under any conditions, 
from —62°F. to 300°F. 
VERSATILE 


Metal-Cals excel for 
any type of permanent 
labeling... for product 
identification, wiring dia- 
grams, detailed instruc- 
tions, component parts 
and finished assemblies. 


Metal [als come in a variety of 


attractive colors—matte or shiny finish 
—any size or shape. 


Metal [als apply easily and 


quickly. Pressure-sensitive adhesive 
eliminates drilling, screws, rivets, pins 
or other fasteners. 


Metal [als 
oe «ss cme assure permanent 


legibility of the finest lettering or 
diagrammatic detail. 














Write for FREE SAMPLE 
! TEST the advantages of METAL-CAL 


Metal [al 


Manufactured by C & H Supply Co. 
415 East Beach Ave., Inglewood 3, Calif, 


Name 





Company_ 





Address 





Zone___ State 


iceniehdinintindtinevanslllll 


*T.M. Reg. U.S. Pat. Off. 
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Parts 





knob. Snap-action device has life 
in excess of 25,000 make-and- 
break cycles at rated load. Mech- 
anism is enclosed for operation in 
humid or corrosive atmospheres. 
Switch weighs 3 oz and is 3% in. 
long. Contacts are rated at 5 amp 
inductive load at 30 v dc. Switch 
meets MIL specifications. Made by 
Hetherington Inc., Sharon Hill, 
Pa. 
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Standard Shafts 


For use in many types of equip- 
ment, shafts and assemblies 
permit flexible standardization 
through wide choice of design. 
Unplated, cadmium or _ copper 
plated steel shafts include varied 


diameters on a single shaft, snap- 
ring grooves, “D” or double “D” 
flats, knurling for bushings, and 
end-knurling for finger-tip actua- 
tion. Special control shaft as- 
semblies, with or without cams, 
can be supplied ready for imme- 
diate chassis - mounting with 
flanged brass or steel externally 
threaded bushings. Made by Fox 
Products Co., 4720 N. Eighteenth 


St., Philadelphia 41, Pa. 
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ae | Aluminum Alloy 


Good weldability is exhibited by 
K186, a high-strength, non-heat- 
treatable aluminum alloy developed 
for structural applications. Alloy 
has nominal composition of 4.0 per 
cent magnesium, 0.45 per cent 
manganese and 0.10 per cent chro- 
mium. Depending on temper, ten- 
sile strength ranges from 38,000 











RUGGED, 
RELIABLE 


VARIABLE-SPEED CONTROL 


CONSIDER THE IMPORTANCE 

OF LEWELLEN LEVER & LINK 

SUSPENSION. This distinctive 
feature distributes equally the thrust 
bearing load on every ball in the bear- 
ing, at all speeds and positions, and 
while changing speeds. Thrust bear- 
ings are mounted at outer end of disc 
hub. When lever moves, discs move 
positively; belt is not required to force 
discs apart. Here’s smooth operation! 


THEN, NOTE PARTICULARLY — the 
Lewellen DOUBLE-BLOCK, UNI- 
TIP BELT keeps tension at a mini- 
mum on belt, bearings, and shafts. 
UNBREAKABLE BELT SPLICE — 
an outstanding feature for uninter- 
rupted operation. SIMPLE, POSI- 
TIVE LUBRICATION SYSTEM for 
disc hubs, keys, and shaft. 


if it’s 
variable-speed 
=f control... 
look to 


LEWELLEN 


TRANSMISSIONS * MOTOR PULLEYS 


AVP 


— 


Open or enclosed, vertical or horizon- 
tal Variable-Speed Transmissions in iL 
sizes from fractional h.p. to 60 h.p. s+: 
Variable-Speed Motor Pulleys in all rat- 
ings from fractional to 7!/2 h.p. Speed 
range, 3 to | for all pulley sizes. (One 
size—2 34 to |.) 


Service in variable-speed con- 
trol exclusively for more than 
50 years. May we help you? 


LEWELLEN MANUFACTURING ©O. 
COLUMBUS. INDIANA 
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MORE GO FOR YOUR MONEY 


Designed and engineered to be the finest you 
can buy, Aetna bearings and parts give you 
real economy through highest quality .. . 
help your products deliver more ‘“‘go,’’ more 
efficiency, longer life, greater satisfaction to 
the user. Choose from our complete line of 
standard ball thrust bearings (catalog on 
request) or send us your blueprints if your 
requirements involve special bearings or 
hard-to-make precision parts. Engineering 
assistance, experimental work and quotations 
promptly rendered without obligation. 


AETNA BALL AND ROLLER BEARING COMPANY 
DIVISION OF PARKERSBURG-AETNA CORPORATION 
4600 Schubert Avenue os Chicago 39, Illinois 
in Detroit — Sam T. Keller — 2457 Woodward Avenue 


Standard and Special Ball Thrust Bearings ¢ Angular Contact Ball 
Bearings @ Special Roller Bearings @ Ball Retainers ¢ Hardened and 
Ground Washers e Sleeves ¢ Bushings @ Miscellaneous Precision Parts 
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New Parts 









to 47,000 psi, yield strength from 
17,000 to 37,000 psi and elonga- 
Everyone knows this tion between 10 and 22 per cent 
in 2 in. Formability and resist- 
ance to corrosion are good. Ma- 
terial is available in 12 to 90 in. 
flat sheet widths and up to 60 in. 
wide as coil. Plate ranges from 


And smart gear users know 0.250 to 2.250 in. gages and up to 
96 in. wide. Standard and ano- 


hi ° ion of dized finishes can be applied. De- 
this is the s 8 veloped by Kaiser Aluminum & 

: | Chemical Corp., 1924 Broadway, 
the best in custom made gears. Oakland 12, Calif. , 
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is a sign of security... 





a 







Ss —_— ~~, — 






Power Digitizer 










Quantor power digitizer, han- 























| dling currents of 5 amp, converts 
"“Gears...Good Gears Only” shaft positions into digits. It can P 
operate I.B.M. summary punches, . 
relays, hydraulic and pneumatic s 
. eee * | solenoid valves and similar equip- 9 
| ment directly, without the need of pe 
THE CINCINNATI GEAR CO. + cINcINNATI 27, OHIO y 
ec 











LITTLEFORD WELDMENTS 


MODERN 
PRODUCT DESIGN 


Fabricating Plate and Sheet Metal takes 
skill and experience, that is why Littleford 
has been serving industry since 1882.  Little- 
ford has the skill and experience to do an 
accurate layout, shearing, forming, bending, 
shaping, welding and finishing job on all 
types of metals.  Littleford has medern 





















amplifiers. Ball bearing construc- 
tion effects low operating torques. 
Separate digitizing and power cir- 
cuits are used within the compact 
digitizer unit to obtain high power 
capacity. Digitizer has no vacu- 





















































methods and machines to do a thorough job um tubes. It is 5.7 in. long and anc 
| 3.5 in. in diameter. Made by EE pre 
| Div., Oerlikon Tool & Arms Corp. is 
of producing with exacting accuracy any type of America, Asheville. N. C. pro 
of fabrication. No matter hcw large or E py ing oi 5 
small the product, or small the quantity, oe Ce Ga a ee, Sa 9% 
Littleford takes pride in producing quality. Ma 
If you have a newly designed product St 
FABRICATORS that requires a fabricated base, guard, és ' 
oF pan, louvered cover, special parts etc., Electromagnetic Clutch 
cana send blueprints to Littleford. See how 
modern methods and experience can pro- . ire- 
ron seen duce for you at low cost. Electro Clutch fits the require 
SINCE 1882 ments of a transmission which em- Im 








ploys constant mesh gearing. De- 








sign provides constant horsepower C 
| output, quiet operation and rapid inte 
speed change. Clutch is controlled Seri 
by a 24-v de circuit. No field ad- emi 






LITTLEFORD BROS., INC, 
424 E. Pearl Street, Cincinnati 2, Ohio justment of torque value can be 
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mew ce “TO TRANSMIT NOISELESSLY. . .” 


a 


made. Self-compensating clutch 
requires no adjustment for wear 
of plates. Made by Rectifier Div., 
|-T-E Circuit Breaker Co., 601 E. 


Erie Ave., Philadelphia 34, Pa. 
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Constant-Speed Motor 


Engineered to meet requirements 
of a speed-regulated, radar-anten- 
na spin motor, type SC-23 motor 
maintains a constant governed 
speed of 7100 rpm + 1 per cent, 
operating on 24 to 30 v de and 
with load variations of + 30 per 
cent. A radio-noise filter is mount- 
ed directly on the motor frame, 


and carrying power terminals are 
provided for input voltage. Motor 
is rated for continuous duty and 
Provides a locked-rotor torque of 
%% Ib-in. Total weight is 5.5 Ib. 
Made by Dalmotor Co., 1347 Clay 


St. Santa Clara, Calif. 
For more data circle MD-132, Page 297 


Impulse Generators 


Converting mechanical energy 
into pulses of electrical energy, 
series B7000 impulse generators 
emit electrical impulses upon appli- 
cation of only slight mechanical 
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specify 


Guardian 
FLEXIBLE COUPLINGS 


Guardian “Dyna-Line” flexible coup- 
lings ere solving drive problems. in 
a wide variety of applications. Typ- 
ical cf these, with our No. 00-R from 
instrumentation to light pump and 
accessory drives, is the case history 
at the right. 

The flex-element length, duro, com- 
pound and reinforcement all function 
to provide required flexibility and 
dampening. One-piece design means 
freedom from noise, lubrication and 
friction-drag, perticularly in minor mis- 
alignment. 

Our preduct application dept. will 
welcome consideration of your drive 
problem. 


FROM OUR PRODUCT 
APPLICATION FILE 


Case History No. 22—00. 


PROBLEM —A nationally advertised sewing ma- 
chine required coupling fo transmit noiselessly 
the 60 watt 6000 rpm of a cushion-mounted 
motor. The coupling must absorb misalignment 
to 1/16”, yet provide steady power transmis- 
sion without whip or backlash. 


SOLUTION —Guardian Dyna-line No. O00-R 
2.29 1ong with standard Flex-Elements met 
all requirements. Length specified carried no 
“special length price”. 


Write for Catalog Page C102 and Drive Data Form #53. 


Guardian PRODUCTS corP. | Guardian 


COUPLING DIVISION QUALITY IS TRUE 
Dept. IC-M, 1215 E. Second St., Michigan City, Ind. ECONOMY 


Exclid Universal 


SPEED ‘aid 
REDUCERS 


a 





Single reduction worm 
gear reducers are available in 
many sizes and ratios. 


to be above or below worm wheel. Out- 
put shaft can extend to right or left, be 
vertical, or have double shaft extension. 


®@ 20° pressure angle worm gears. 


Euclid Universal 3-way speed reducers are 
available in a range of sizes from fractional 
horsepower up to 3 horsepower, depending 
upon ratio. Some of the noteworthy features, 
found only in Euclid Universals, are offered © Cvenite chats eveliette 

as standard: p p 7 : . 

© Removable base plate allows worm shaft ° ate meee rep? Senatage. 


Write for new Catalog ‘‘M-10"’. 


EUCLID UNIVERSAL MACHINE, Inc. 


29938 Lakeland Blvd. Wicklitfe (Cleveland), Ohio 
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REGULATORS 


ThA 


a, es 2a 2 eee «3.lCUwelCUeDlCU ee CULelhCUCOUelUlCUe 


close, constant 


are 


pressure control of 





cylinder gases... 

















--- plus EASIER MAINTENANCE : 

0 

and a lof less of if! 

Norgren 1-stage Cylinder Gas Regulators are specially built to regulate ; 

the pressure of cylinder gases, from tank supply to point of use, as accurately si 

as most 2-stage types. Outstanding features include: close control in reducing P 

tank pressures of up to 3000 psi. to delivery pressures from 2 psi. to 450 psi.; b 

positive delivery pressures without “creep”; exclusive ball-pivoting lower C 
spring rest which assures permanently friction-free operation; available with 

maximum delivery pressures of 50, 75, 175 or 450 psi. H 

FOR USE ON FOLLOWING GASES: 

Carbon Dioxide WATER PUMPED: tr 

Nitrous Oxide Air Krypton ; 

- Nitrous Oxide and Carbon Dioxide Mixtures Argon Neon as 

Carbon Monoxide Helium Nitrogen ph 

Ethane Xenon “ 






Ethylene (Industrial) 
(Medical) 


a WRITE FOR 
COMPLETE DATA 








Manufacturers of 
Quality Pressure Regulators for more than 
a Quarter of a Century 








co. 


PIONEER AND LEADER IN OIL FOG LUBRICATION 20te $n; teak Gaia. 
FOR 26 YEARS 







Valves + Filters + Regulators + Lubricators + Hose Assemblies 






MACHINE DESIGN—Octobe! 1954 









New Parts 
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force. Units are _ self-restoring 
after operation without application 
of additional mechanical force, and 
they operate successfully under 
water without impairment of elec- 
trical characteristics. No potential 
energy is stored, eliminating the 
possibility of premature or unin- 
tentional operation. Model illus- 
trated delivers 544 w power for 
pulse duration of 25 milliseconds 
or longer with fast rise time and 


4 





minimum pulse lag and decay. It 
measures 51%4 x 2 x 3% in. and 
weighs 234 lb. Size, shape and 
weight are variable to meet a wide 
range of operating requirements of 
space, mechanical force input, de- 
sired electrical energy outupt and 
weight, and the generators are 
available hermetically sealed. Made 
by Microloc, 5811 Marilyn Ave., 
Culver City, Calif. 
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Heavy-Duty Transmission 


Compound double planetary type 
transmission is rated at 150 lb-ft 
continuous input torque. Transmis- 
sion consists of two planetary gear 
assemblies for low and reverse, 
plus a multiple disk clutch for 
direct drive. The planetaries are 
actuated when hydraulic pressure 
contracts a band around an anu- 
lus or drum to provide the desired 











UT red 
sales appeal in 
your products with 


MUELLER BRASS CO. 
forgings 


































Windows in this modern new Florida hospital supplied by 
Valley Metal Products Co.—subsidiary, Mueller Brass Co. 


The aluminum hardware used on all the windows in this modern 
hospital is a good example of the sales appeal that can be built 
into a product with Mueller Brass Co. forgings. These forgings are 
smart in design, practical in operation, and low in cost. They can also 
be produced in natural bronze or chrome finish depending on the 
desires of the architect or builder. 






All Mueller Brass Co. forgings have a dense, close-grained structure 
with a high tensile strength. Weight savings up to 40% are possible 






in the design of parts because of the close tolerances to which 






they can be produced. Less scrap and longer tool life result 






from the easy machinability of forged parts. Mueller Brass Co. 






is completely equipped to produce brass, bronze or aluminum 






forgings to your specifications. For complete details, 






write us today. 


MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 
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Imperio!l Motor Generator Set 


MANUFACTURERS AND DESIGNERS OF CUSTOM-MADE 
ELECTRIC MOTORS AND GENERATORS SINCE 1889 


Imperial Explosion-Proof AC Electric Motor 


THE IMPERIAL EL 


ye 












New Parts 





movement. Bands are returned to 
open positions by spring pressure. 
Controlled by one hydraulic valve 
| lever, transmission can be shifted 
| rapidly, without vibration or jerk- 
_ ing. Standard gear ratios are 1 
to 1 in high, 3 to 1 in low and 
3.2 to 1 in reverse; optional low 
is 2.23 to 1. Made by American 
Gear & Mfg. Co., Lemont, III. 
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Repeat Cycle Timers 









Hermetically sealed miniature re- 
peat cycle timers are motor-driven 
and can be supplied with 50, 60 or 
or are new designs in 400-cycle per second ac motors, as 
your planning? You'll well as standard or governed dc 
motors. Low power requirement of 
f os the motors makes timers suitable 
Imperial man in either for both local and remote control 


case for his experience applications or continuous duty. 


Have you designed 






for the maximum... 







want to call in the 
























































in the design and ap- Cycling time depends upon motor < 
plication of both special 
and general purpose 
motors can simplify 
your problems. 
Careful, personal 
attention is given each 1" 
specific requirement | speed, and motors can be supplied 
d : | with output speeds from 10 rpm 
and your motor Is A d 
a i | to 1 revolution per 2 hours, 1 revo 
especially designed for | lution per 40 minutes or 1 revolu- 
the operating | tion per day. Intercam reductions 
conditions. The | up to 960 to 1 can be provided to 
allow high-speed pulsing with an 
yeoult —- better: and | extended cycle time. Units are 
longer performance | available with flange mounting, as PO 
iife with top efficiency shown, or with three-stud mount- 
and economy. ing; with an AN connector as 
Wri dav f shown or a glass-metal header. 
en ay ae Made by A. W. Haydon Co., 230 
complete information. N. Elm St., Waterbury, Conn. 
For more data circle MD-135, Page 297 
oge e PO 
Silicone Rubber Adhesive 
Uniform film of A-4000 silicone 
rubber adhesive may be used to 
bond silicone rubber to itself or to 
aluminum, magnesium, stainless 
steel, butyl or Saran rubber. Al- 
lowed to air dry until tacky, coat- 
ed parts are pressed firmly to PO 
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HIGH PRESSURE 


2 


co al DUAL PRESSURE VALVES 


WATER AND OIL SERVICE TO 3000 P.S. I. 


LOW PRESSURE 
CYLINDER 











HIGH PRESSURE 


2; 


RETURN 
Advance 


Especially developed to improve the control of accumulator operated 
presses. Effortless manipulation of the valve, with one hand, puts the 
press under your absolute control (see flow diagrams). The first and 
second position provide fast ‘return’ and “‘advance” with throttling in 
between for “‘inching”’ the press to any desired degree. The “‘stop’’ posi- 
tion gives the operator a chance to hold everything instantly, perhaps 
to check rather than wreck the dies. And finally the high pressure position 
serves for ‘‘bumping’’ and the ‘‘squeeze.’’ The most important reason 
et ere why such a maneuverable valve is possible, lies in the leak-proof feature 

of the Barksdale ‘‘Shear-Seal” principle and its characteristic improve- 

ment with use. 

For more complete information write for bulletin BVM-2 describing the 


“‘Shear-Seal”’ principle and Catalog 3G covering the valves. 


LOW PRESSURE 
CYLINDER 




















CYLINDER 








LOW PRESSURE 





RETURN 


_ = BODA LE 
VAIVES 


POS. 4: Bump and Squeeze 5125 ALCOA AVE., LOS ANGELES 58, CALIF. 








LOW PRESSURE 
CYLINDER 














MACHINE DESIGN—October 1954 . ses 








BIG NEws, “~~: 


gether to eliminate air bubbles, 
in | Curing takes place without further 

pressure in 24 hours at room tem- 

se EED CONTROL | perature. Maximum bond strength 
| is realized in 3 to 7 days. In general, 
_ a stronger bond is formed with 
extrusions than with molded sili- 

cone rubber. Heat and creep re- 

sistance are exhibited at tempera- 
ah a seen tures through 100 C. Peel 
SPECON —an original design principle —avail- SPEED CONTROL strengths of 15 psi have been ob- 
able in electrical, mechanical, and hydraulic ENGINEERS tained hetween extruded Silastic 


‘ . , WILL GLADLY FURNISH and aluminum. Made by Dow 
models now provides industry with 
. , DETAILED INFORMATION | Corning Corp., P. 0. Box 592, Mid- 


infinite speed range and control previously ON THESE | land. Mich 
VERSATILE CONT ' < . 
unattainable. SPECON drives have ee For more data circle MD-136, Page 291 


proved superior in many applications Write Us 
including winding, extruding, and drawing Eloctrenke Speed Control 


installations. Rugged design 
incorporating proven With a life expectancy of over 
100,000 hours, this speed control 
an offers instantaneous warm-up and 
dependability. speed variation from 0 to rated 

rpm. Constant torque is available 








components assures maximum 











ha off te guile) | 
ILSCO’S 


Jel 


CATALOG 


60, 100 & 200 AMPS. 


within a speed range of 25 to 1. 
Motors deliver from 1/20 to 2 hp 
and are available with dynamic 
braking and instantaneous reverse. 
Cabinet measures 9 x 16 x 8 in. 
Made by Erdco Engineering Corp. 
Addison, IIl. 
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FUSE CLIPS 





Molded Glass Fiber 


Gaskets, motor mounts, filters, 
preformed insulation, baffles for 
air conditioning units, and «uto- 
mobile instrument panels are 

WRITE TODAY for your personal aie - among the many uses of molded 
80- page colorfully illustrated copy or high-density Fiberglas. Prod- 
uct is almost 100 per cent glass 
with only a small amount of binder 





TETTe) 5752 DYN AVE., CINCINNATI 27 
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Multiple-Spline Set Screws hold tighter — 
because you can wrench them tighter! 


power, the materials of which they are made also 
contribute to the tremendous holding strength of 
these Bristol set screws. Standard screws are made 
of heat-treated alloy steel; bronze, brass, monel or 
other metals are available on special order. 
Bristol multiple-spline set or cap screws are care- 
fully designed to close tolerance (Asa approved) 
in sizes from 0 wire to %” in diameter. Get them 
through your regular industrial distributor. 


The extra holding power of Bristol's exclusive 
multiple-spline set screws enables these flush-fit- 
ting fasteners to be used in the newest, most com- 


pact design applications. 
They withstand severe shock and vibration, per- 
mitting fewer and smaller screws to be used with- 


out sacrificing strength. 
While the splining principle has long been 
recognized as the best means of transmitting rotary 


BRISTOL'S socket screws gag. 


THE BRISTOL COMPANY, Socket Screw Division, Waterbury 20, Conn. 
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154 ideas 


on ways 





154 varied applications of 
molybdenum sulfide in the 
shop and in the field are de- 
scribed in a new booklet now 
available. This solid-film lubri- 
cant has demonstrated unique 
anti-friction properties under 
conditions of extreme pressure, 
high velocity, elevated tem- 
perature, or chemical attack. 

The 40-page booklet contains 
the records of solved lubrica- 
tion problems — some might 
solve your own. Fill in the cou- 
pon below, attach it to your 
letterhead and send it off today. 


Moly-sulfide 


A LITTLE DOES A LOT 


The lubriccnt 
for extreme conditions | 


Climax Molybdenum Company 


500 Fifth Avenue | 
New York City 36-N Y 


Please send me your Free Booklet 
on Moaly-sultide 





New Parts 





to give structural integrity after 
curing. Material will not rot, burn, 
absorb moisture, shrink or stretch. 
It has thermal and acoustical in- 


sulating properties and structural 
strength and rigidity. It can be 
made in densities up to 20 lb per 
cu ft, at which point it bears a re- 
semblance to wood. Made by 
Owens-Corning Fiberglas Corp., 
Toledo 1, O. 
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Air Power Head 


Model D 50 air power head has 
1-in. stroke, attains 5 tons pres- 
sure and is suitable for production 
operations such as pressing, stak- 
ing and riveting. Suitable for ver- 
tical or horizontal mounting, unit 


operates on air pressures up to 
150 psi with a ratio of 100 to 1. 
Diameter of ram is 114 in. Over- 
all size of the power head is 614 
x 6% x 16 in. long; weight is ap- 
proximately 100 lb. Made by Air- 


Hydraulics Inc., 268 Belden Rd., 
Jackson, Mich. 
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Gibsiloy UW-8 copper-tungsten 
contact assemblies used in 
General Electric Size 1 oil-im- 
mersed starter. 


CONTACTOR LIFE 
DOUBLED 


by changing to 


Gibsiloy 


copper-ftungsten contacts 


General Electric Size 
1 oil-immersed con- 
tactor used in Size 1 
coil-immersed 
starter. 


General Electric 

tests showed 

that fine silver 
contacts used sat- 

isfactorily in G. E. air contactors 
were subject to excessive wear 
when applied to oil-immersed 
starters. To overcome this 
trouble, General Electric tested 
copper-tungsten Gibsiloy UW-8 
in their Size 1 oil-immersed 
starter and found it provided 
more dependable service, longer 
life and less maintenance. 

In fact, the efficiency of Gib- 
siloy UW-8 contacts doubled 
the life of the contactor. 

Gibsiloy UW-8 withstood the 
severe and confined arcing in the 
starter Operation, with very little 
erosion. 

Similar advantages of Gibsiloy 
UW-8 can be enjoyed in tap 
changers, other starters and oil- 
immersed apparatus. Write for 
information, and let us help solve 
your electrical contact problems. 
The same experience in design- 
ing and producing electrical 
contacts which provided Gib- 
siloy UW-8 for the G. E. starter 
is available to you. 

Gibson Catalog C-520 is yours 
free. Write for it. 


CONTACT GIBSON FIRST 
[jibsiloy 
ELECTRICAL CONTACTS 
w Ececoaee Bs 
Gipson Etectric COMPANY 


8355 Frankstown Ave., Pittsburgh 21, Pc- 
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DESIGN and PRODUCTION NEWS 


FOR DESIGN AND MATERIALS ENGINEERS 


Published by TECHNICAL SERVICE, Chemical Manufacturing Division, The M. W. KELLOGG Company 


OCT.-NOV. 1954 


Smaller, Lighter Rupture Discs... 
Lined With KEL-F Plastic... Now 
Used In Highly Corrosive Systems 


Using coatings and seals of 
KEL-F plastic to overcome corro- 
sion, lightweight, small rupture 
discs of aluminum now provide 
protection for low pressure and 
vacuum vessels. Discs with burst- 
ing pressures ranging from 5 to 100 
psig are now possible. Premature 
bursting due to corrosion has been 
diminated. Discs are smaller and 
afford a greater degree of pressure 
control than previous types. 

A lining of KEL-F plastic on the 
standard (right) and a film seal in 
the new “lug” type rupture disc 
left) permit them to be used safely 
with practically all corrosive ma- 
terials, at temperatures upto250°F. 

Black, Sivalls & Bryson, Inc., 
Kansas City, Mo. manufacturers 
a control equipment, pioneered 
this use of KEL-F plastic film. 
For further information ask for 

Application Report C-119 


for complete information regarding any item 
mentioned in DESIGN AND PRODUCTION NEWS, 
ask for detailed APPLICATION REPORTS, write 


CHEMICAL 
MANUFACTURING 
DIVISION 


PULLMAN 


Register 


HF at 300°F Handled by Flowmeters 
of KEL-F* Plastic In Atomic Plant 
... Still “On Stream’ After 2 Years! 


Clarity, dimensional stability, accu- 
racy and damage resistance make these 
flowmeters made from KEL-F polymer 
outstanding. In contact with extremely 
corrosive hydrogen fluoride for two 
years on low-pressure purge lines, they 
show no signs of “giving up”. 

Chemically-inert, the plastic tubes 
are unattacked by the HF even at 
300°F. Machined to precision dimen- 
sions, they maintain original metering 
accuracy. Flow tubes have remained 
clear to permit easy float visualization. 

The Brooks Rotameter Company, 
Lansdale, Pa., produces these corro- 
sion-resistant flowmeters. Flow tubes 
are machined of rod extruded from 


trade-mark for The M. W.. Kellogg Company's fluorocarbon Polymers. 





KEL-F polymer Grade 300 by the 

United States Gasket Company, Cam- 

den, New Jersey. 

For further information ask for 
Application Report C-120 
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DISPERSION 
COATINGS 





TRIFLUORO | 
CHLORO 

ETHYLENE | 

POLYMERS 











— “On 


— twee Soa to Shetcaeeel 


~ 


Pe ott t aw 
ee i< & 
>. ‘ img & ” 
‘ ~ 


DIESEL = 
Nordberg POWER CHIEF 
Diesels are compact, heavy 
duty units of 442” bore x 54” 
stroke, built in 1, 2 and 3- 
cylinder models. Available as 
power units in sizes from 10 
to 45 hp, with stub shaft or 
clutch power take-off; and as 
generator sets from 6 to 30 kw. 
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SPARK-FIRED 
GAS 


Nordberg POWER CHIEF 
Gas Engines provide up to 18 
hp, stub shaft or clutch power 
take-off; and up to 10 kw as 
“packaged” generator sets. 
Presently available only as 
single cylinder, 442” x 514” 
units. 


Nordberg POWER CHIEF engines are backed by over 60 years’ 
experience in the design and construction of heavy duty machinery 
for the world’s industries. Clip the coupon for full details. 


NORDBERG MFG. CO, Milwaukee, Wisconsin 


NORDBERG 


Builders of America's Largest Line of Heavy Duty Diesels MACHINERY 


MAIL 
COUPON . 
FOR DATA 


i 


‘Sees 


Nordberg Mfg. Co., Milwaukee, Wis. MD 
Please send full details on the new Nordberg POWER CHIEF 


[] Diesel Engines 


[] Gas Engines 


(Check one or both) 
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DEPARTMENT 


EQUIPMENT 


Vertical Drawing Board 


Vertically adjustable Power- 
Slide drawing board and desk com- 
bination permits quick adjustment 
of board height without the use of 
levers or knobs. Board can be ad- 
justed for use from either stand- 
ing or sitting position. Moisture 
sealed, crack-proof 48 x 72-in. 
drawing surface is made of light 


plywood and faced with pine. 
Drafting machine or straightedge 
can be used with the board. A 
deep drawer has tool tray, ink 
bottle receptacle, tack and paper 
clip compartments, as well as 
Jarge drawer for tracings. Draw- 
ers can open from either desk or 
board side. Unit requires 15 sq 
ft of floor area. Made by Power- 
Slide Drawing Board Co., 58 im- 
mons St., Milford, Mass. 


For more data circle MD-140, Page 27 


Whiteprinter 


One-step automatic Challenger 
whiteprinting machine reproduces 
anything typed, written, drawn or 
photographed on translucent ma- 
terial. After exposure to light 
source, print is conveyed into de- 
veloper and tracing is returned to 
operator. Printer and developer 
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The 86-foot pressure vessel illustrated above is a Stabilizer 
built for a petroleum refining plant. This unit and its Over- 
head Receiver were Steel-Weld Fabricated by Mahon 
in accordance with the A.S.M.E. 1952 Code. Platforms, 
Ladders, and other miscellaneous iron, to complete this 
unit in the field, were also produced by Mahon. Equip- 
ment of this type, and the products, parts and assemblies 
shown at the left are typical of thousands of Steel-Weld 
Fabricated units produced and machined by Mahon for 
hundreds of processing plants and manufacturers of 
processing machinery, machine tools, and other types of 
heavy mechanical equipment. Perhaps you, too, could 
profit by discussing this unique service with a Mahon engi- 
neer. If you require special equipment, or parts or assemblies 
including large, heavy pieces, where time and pattern costs 
are a consideration, Mahon Steel-Weld Fabrication may 
prove to be the answer. You can turn to Mahon with complete 
confidence . . . personnel and facilities are available within 
the Mahon plant to do the entire job from drawing board to 
finished machining. You will find in the Mahon organization a 
reliable source with ultramodern fabricating, machining and 
handling facilities to cope with any type of work regardless 
of size or weight. See Mahon’s Insert in Sweet's Product De- 
sign File, or have a Mahon engineer call at your convenience. 


THE RR. C. MAHON COMPANY 


DETROIT 34, MICHIGAN 


Form for Any Purpose 


< igsee Pognct 









DEVELOPMENT 
ENGINEERS 


Design Engineering, Practical Research, 


FOR: Investigations of Theories, Functional Analysis 


An interesting challenge for senior design engineers to work 
directly with top project supervisors helping through the 
prototype stage new developments in: 








® Automatic Control Instruments 
® Electronic Navigational Aids 
® Magnetic Amplifiers 


® Airborne Armament Systems 
® Guided Missile Controls 
© Computing Equipment 





For these jobs we are interested in men with two or more years experience 
in electro-mechanical work related to the above fields or in men with 
superior scholastic records in physics, electrical, electronic or mechanical 
engineering. 


YOU’LL LIKE WORKING AT FORD INSTRUMENT 


Pension Plan 

Nine Paid Holidays 

Two Weeks vacation with pay 
Tuition assistance for further related 
studies 


® Not too large, not too small 

® Stable but progressive company 

® N.Y. C. location with all its additional 
varied opportunities 

® Above-average fringe benefits 






















Our policy of permanency of positions and continuity of service does not 
allow us to employ engineers unless there is a clear and definite need for 
them projected years into the future. And we promote from within. 

If you can qualify, we urge you to contact by mail, or if in N. Y. C. phone: 


Mr. P. F. McCaffrey, Stillwell 4-9000, Extension 416 


FORD INSTRUMENT COMPANY 


Division of the Sperry Corporation 
31-10 Thomson Ave., Long Island City, N. Y. (20 minutes from the heart of New York City) 
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Viking’s manufacturing plant 
plus both ferrous and non-fer- 
featuring 









rous foundries, 
Sorbe-Mat castings, 
owned and operated as an in- 
This means ro- 


are all 









tegrated unit. 
tary pumps that will operate 
better and longer for you. 

Investigate VIKING— 





The Principle that made Rotary Pumps famous. The 
pump manufacturer with truly integrated control. 
for latest folder 55SH today. 


Vikine 
AN HONORED NAME 
| IN PUMPIN ING 


ao 
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PUMP COMPANY 


CEDAR FALLS, IOWA 
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are synchronized to produce up to 
42-in. wide prints at 1 to 40 fpm. 
Light source is 4000-w mercury 
vapor lamp, controlled by a con- 
stant wattage transformer. Ma- 
chine has large Formica feed 
table, electronic speed control, and 
metered ammonia control, as well 
as provision for delivering and 
stacking prints at either front or 
rear. Front and rear windup de- 
vice is an optional accessory. 
Made by C. F. Pease Co., 3998 N. 
Rockwell St., Chicago 18, IIl. 


For more data circle MD-141, Page 297 


| Portable Torque Tester 


Redesigned Model No. 574 torque 
tester is available in capacities 
from 50 oz-in. through 1000 Ib-in. 
and in graduations from 0.25-oz-in. 
through 4 lb-in. Built with two 
dynamometer heads, it can be used 
for clockwise or counterclockwise 
measurements from the same side. 
Accurate to one graduation or to 
specifications, instrument is used 
for measuring starting and stop- 
ping torque of motors, testing e«las- 
tic coupling, finding torque neces- 
sary to tighten or loosen threads, 
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SEAL/V\ASTER 


BALL BEARING UNITS 


For full information see 
our SEALMASTER Dis- 
ributor or write the factory. 

SEALMASTER Distributors 

are located in all principal 

cities. 


WORLD’S FIRST SUCCESSFUL COMMERCIAL 
PASSENGER CONVEYOR BELT ROLLS ON 
1200 SEALMASTER BEARING UNITS! 


On May 24, 1954, weary New York commuters had their first ride 
on the Stephens-Adamson, Goodyear ‘‘Speedwalk’’—world’s first 
commercial passenger conveyor belt. Located in the Hudson and 
Manhattan Railroad Company’s Erie Tube Station, the moving 
rubber belt transports passengers 227 feet—110 feet of which 
is 10% upgrade. 

The ‘‘Speedwalk” consists of a wide rubber belt riding on 600 
steel rollers. Each roller in turn spins in two SEALMASTER pillow 
blocks, supporting it at each end. These ‘‘sealed for life’’ units 
are designed for many years of maintenance-free service. Special 
housings allow the close spacing of rollers necessary for a smooth 
passenger ride. Head and tail pulley shafts on the ‘‘Speedwalk’’ 
also turn in SEALMASTER BEARINGS. 

A new, efficient, safe and low cost mode of transportation has 
been developed in the ‘‘Speedwalk’’. SEALMASTER engineers 
are happy to have had an important role in its design. 


SEALMASTER BEARINGS 4 oivision oF STEPHENS - ADAMSON MFG. CO - 18 RIDGEWAY AVE., AURORA, ILL. 
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The Teabe Meve Wheat Rates 2 Beeg-bre / 


SVLECY 





IN THE DESIGN and building of the products shown here, 
GM Steel Tubing plays an important part—either for the 
passage of liquids or gases, or as part of the mechanical structure. 
And these are but a few of the thousands of manufactured items 
that use low-cost steel tubing in place of more expensive materials. 
Examine your own requirements! You, too, may find you can 
improve design, speed production, and cut costs with “The Tube Line 
That Rates a Buy-Line”—GM Steel Tubing! 


SEE SWEET'S 
PRODUCT Ig SEND FOR FREE BROCHURE 


DESIGN FILE — 
Re This new, illustrated, fact-packed bro- 

chure tells how GM Steel Tubing can 

help solve design and production prob- 

lems. Send today for your free copy. 


ROCHESTER PRODUCTS 
a DIVISION OF GENERAL MOTORS, Rochester, N. Y., U-5.A. 


ALSO MANUFACTURERS OF ROCHESTER CARBURETORS AND ROCHESTER CIGAR LIGHTERS 
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Cliff St., New York 38, N. Y. 


For more data circle MD-142, Page 297 


Large-Layout File 


Designed to facilitate filing of 
large layouts to keep them read- 
ily accessible, Roll-A-Way filing 
system consists of a rack with a 
number of parallel tracks from 
which layouts are suspended. Rack 
is twice the width of layout or 
drawings, so that the one required 


can be quickly rolled out from its 
filing place into full view. Racks 
can be built with any number of 
tracks to accommodate both thin 
metal and thick Celotex or Mason- 
ite layouts. They are built to 
specified lengths and can be cast- 
er-stand or wall-mounted. Wall 
model is fluorescent lighted. Made 
by Inter-Lakes Engineering Co., 
4845 Bellevue Ave., 
Mich. 


For more data circle MD-143, Page 297 


Adjustable Power Supply 


Model 701 unregulated power 
supply provides de voltages to 250 
v at maximum load of 90 ma (360 
Vv, open circuit), and ac filament 
power, 6.3 v at 3 amp, center 
tapped. Ripple is kept to 20 mv 
rms by use of a two-section choke 
input filter. Auto transformer 
permits 


itored. 


Provided. Made by Shasta Div., 


Beckman Instruments Inc., P. O. | 


Box 296, Richmond, Calif. 


For more data circle MD-144, Page 297 
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and testing impact wrenches. Made | 
by John Chatillon & Sons, 85-93 | 


Detroit 7, 


adjustment of output. | 
Output voltage is constantly mon- | 
Separate terminals for | 
Positive, negative and ground are | 






4 


° Every Application Engineered 
e More Than 4,000 Engineers 


e Field Engineers for On-the-Spot Service 
Depots Throughout U.S.A. and Canada 


e Highest Factor of Safety 


* No Inert Substances and No Graphite 
Made of 100% Virgin Materials 


e More Than 25 Years’ Experience 


Developed World’s First Heavy-Duty, 
Self-Lubricating Bearings * Continuous Research and Development 


Only Amplex mares OLITE 


Get better acquainted with OILITE Products. ae ae ye ; | 
Let us mail you our Bulletin S-53. | 


TRAPPED 
Ole, 






CHRYSLER 
CORPORATION 


AMPLEX DIVISION 
Detroit 31, Michigan 









A 
= 


TY iedeatg 
BEARINGS 
Gam IN 


Dept. D 


OILITE PRODUCTS include: Bearings, Finished Machine Parts, 
Cored and Solid Bars, Permanent Filters and Special Units * 
of Non-Ferrous and Ferrous Metals and Alloys. 


















Here’s How the Original 


‘itmer TIMING 









... Made possible improved tool life and finishes on the 


PRATT & WHITNEY AUTOMATIC DUPLICATING MACHINE 


On this machine, the two upper and two 
lower cutter spindles, driven by Gilmer 
“Timing” Belt Drives, simultaneously 
produce four identical forging dies (such 
as for jet turbine blades) under contro! of 
the center tracer spindle which follows a 
hard master shape. The machine dupli- 





























cates to very close tolerances, using In 
either high-speed steel or carbide cut- 7 
ting tools. ™ 
Since the life of carbide tools is greatly en 
reduced, and finish impaired, by any de 
slippage or slowing down of the spindle 
drive, the round belts formerly employed “ 
not only required much larger-diameter or 
pulleys but also produced unsatisfactory the 
tool life, as some slippage was bound to bir 
occur. To hold this to a minimum, belts toy 
had to be installed under high initial 
tension, which also resulted in frequent e| 
belt breakage. ( 
The answer to the problem proved to * 





be a positive slip-proof drive requiring no 
initial tension, no lubrication, no large 
pulleys —the Gilmer ‘“Timing”’ Belt 
Drive! Now, a total of eight “Timing” 
Belt Drives transmits perfectly syn- 
chronized power from the motor to the 
five spindles. Belt slippage and tool 
chatter is positively eliminated, assuring 
maximum life from carbide tools and unl- 
formly high quality finishes on the work. 
Belt breakage is a thing of the past. Belt 
pulleys are considerably smaller, yet pro- 
vide a speed range of 900 to 10,000 rpm 
required for the interchangeable use of 
high-speed steel and carbide cutting tools. 
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BELT DRIVE 


Industry’s Newest Power Transmitting Medium 
SWEEPS AWAY DESIGN RESTRICTIONS 


In one application after another, 
“Timing” Belt Drives have enabled 
machine designers to achieve basic 
engineering improvements—or to 
design entirely new machines—that 
were previously either impractical 
or impossible! For never before has 
there been a positive drive that com- 
bined all these desirable charac- 
teristics: 


® Requires no lubrication, no housings 
or lubricant guards. 

® Maintains precise synchronization 
(“timing”) between shafts. 





@ Provides speed ratios as high as 15 
to 1 in a single step. 


@ Operates satisfactorily at speeds from 
inches per hour to 15,000 fpm. 


@ Permits use of very small diameter 
pulfeys for ultra-compact drives. 


@ Has nearly 100% mechanical efficiency. 


@ Needs 0 initial tension. Lighter 
bearing Icads permit lighter bearings. 


@ Does not stretch or lengthen with use; 
requires no take-up. 


€ Can be designed for zero backlash. 


) 
Vi nied 


1846 
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@ Capacity ranges from 1/100 to 300 
horsepower. 


These are but a few of the unique 
features of this amazing tooth-grip 
belt drive that is already in success- 
ful use on hundreds of thousands 
of machines. Full details and des- 
cription are given in the 76-page 
Gilmer “Timing” Belt Manual, 
which lists hundreds of drives avail- 
able promptly from stock. For your 
copy, call your nearby Gilmer 
“Timing” Belt Distributor. Or, if 
he isn’t listed in the classified tele- 
phone directory, write to the ad- 
ress below. 


) America’s Oldest Manufacturer of Industrial Rubber Products 
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How helps 
R V Jack Corporation build hydraulic 
jacks that under full load 


In principle, the hydraulic jack is quite simple. Oil, drawn from a 
reservoir into the pump chamber, is forced into the main cylinder, 
causing a piston to move and operate a load-lifting mechanism. 

In practice, the piston head packing has a heavy responsibility. 
Any leakage around the packing could cause the load to settle. 

R V Jack Corporation (Arcade, New York) manufactures auto- 
mobile jacks. In their 4-ton and 10-ton jobs they were using leather 
cup packings — and getting leakage. G&K-INTERNATIONAL 
developed a cup packing with square shoulders made of specially 
impregnated leather (grain outside) and held to extremely close 
tolerances. There is no more leakage. 

Working in both leather and synthetic rubber, G&K-INTER- 
NATIONAL can help you take full advantage of the best quali- 
ties in each material — the best features in standard or special 
packings designs. 


@ 


= INTERNATIONAL /4ckings 


GRATON 


ul. LEATHER—SYNTHETIC RUBBER 


GRATON & KNIGHT COMPANY, Worcester, Massachusetts 
INTERNATIONAL PACKINGS CORPORATION, Bristol, N. H. 


Write for G&K-INTERNATIONAL Catalog and Manual 201-A ... 
latest JIC and recommended sizes for cups, flanges, U’s, V’s, O-Rings, 
with facts on oil seals and specialties. 








THE ENGINEER’S 


Recent Books 


Elements of Electrical Machine 
Design. By Alfred Still, professor 
emeritus of electrical engineering, 
and Charles 8. Siskind, assistant pro- 
fessor of electrical engineering, Pur- 
due University; 465 pages, 6 by 9 
inches, clothbound; published by Mc- 
Graw Hill Book Co. Inc., New York; 
available from MACHINE DESIGN, 
$9.00 postpaid. 


Emphasizing principles and 
practices of electrical machine de- 
sign, this third edition is devoted 
primarily to rotating electrical 
machinery and transformers. It 
discusses basic design principles 
of electric, magnetic and electro- 
static circuits. A plan is followed 
of first presenting discussions re- 
lating to materials of construction 
and their arrangements and pro- 
portions, then the derivation of 
useful design formulas, and final- 
ly the solution of illustrative ex- 
amples. 

Chapters cover dynamo machin- 
ery, armature windings and de- 
sign, commutation and commutat- 
ing poles, tooth reluctance and 
armature reaction, field magnets 
and windings, losses, ventilation, 
temperature rise, ac machinery, 
synchronous generators, polyphase 
induction motors, transformers, 
and mechanical design of electrical 
machinery. 

Wire tables, magnetization 
curves, and core loss and _ volt- 
ampere curves appear in the ap- 
pendixes. 


Practical Gear Design. By Darle 
W. Dudley, supervisor, gear advance 
and development engineering, Gen- 
eral Electric Co.; 347 pages, 6 by 9 
inches, clothbound; published by Mc- 
Graw-Hill Book Co. Inc., New York; 
available from MACHINE DESIGN, $7.00 
postpaid. 


Covering the entire range of 
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The ONLY COMPLETE LINE 





MIL-R-22A 
RHEOSTATS 


Ohmite can furnish rheostats 
to meet MIL-R-22A require- 
ments in each of the 26 type 
designations. These severe re- 
quirements again prove the de- 
pendability of Chmite rheostats. 
All-ceramic construction, close 
control, and smooth operation 
insure years of trouble-free serv- 
ice. It will pay you to stand- 
ardize on Ohmite rheostats, 






MIL-R-26B 


wire -wound 


RESISTORS 


Ohmite offers an unusually 
complete line of tab-terminal, 
ferrule-terminal, axial-terminal 
tubular resistors, and tab-ter- 
minal, flat type resistors that 
meet the most rigid require- 
ments (char. “G,” “J,” and 
“F”) of MIL-R-26B. Ohmite 
offers 33 of the 38 resistor styles 
listed in MIL-R-26B, in a com- 


plete range of resistance values. 


ORMIT 


FIRST IN RESISTANCE PRODUCTS 














OHMITE MANUFACTURING COMPANY, 3618 Howard Street, Skokie, Illinois (Suburb of Chicago) 





Just Published 


STRENGTH and 
RESISTANCE 
OF METALS 


By JOHN M. LESSELLS, 
President, Lessells and Associates, Inc. 


Here at last is a 
book which fully 
describes the Jde- 
havior of metals 


under stress. It 


provides the most 
up-to-date _infor- 


mation available 


on stress condi- 

tions such as: 
@ Static tension or compression; 
@ Creep at elevated temperatures; 


@ Cyclically varying stresses, as in 
fatigue; 


@ Suddenly applied loads, as in 
impact; 


@ High surface stresses, as in wear. 


Most of the discussion centers around 
the behavior of steel but non-ferrous al- 
loys and cast iron are also considered 
in cases where their behavior differs from 
that of steel. 


While simple engineering -rules are given 
throughout the book, the more funda- 
mental aspects of the subject are also 
presented. Each chapter closes with a 
brief statement of the practical value of 
the subject matter to the engineer. Actual 
engineering case studies are featured. II- 
lustrative problems are given to clarify 
the discussions. : 


CONTENTS: 
Tension. Elastic-Stage Modification. Tensile Proper- 
ties ot Elevated Temperatures. Hardness. Impact. 
Fatigue—Normal Conditions. Fatigue—Controlling 
Factors. Fracture of Metals. Strain Hysteresis. 
Mechanical Wear. Theories of Strength and Work- 
ing Stresses. Appendix. 
1954 233 pages 


WELDING 


for Engineers 


By HARRY UDIN, Mass. Institute of Tech- 
nology, EDWARD R. FUNK, Goodyear 
Aircraft Co., and JOHN WULFF, Mass. 
Institute of Technology 


Illustrated $10.00 


A new work presenting the theory and fund- 
amental principles of the physics, chemistry, 
mathematics, metallurgy and mechanical en- 
gineering underlying the art of welding. 


1954 450 pages Illustrated $7.50 


Mail coupon for your ON-APPROVAL copies 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave., New York 16, N. Y. 


Please send me, on approval, the book(s) 
checked below. Within ten days I will either 
return same and owe you nothing or will 
remit price(s) indicated, plus postage. 


J Strength and Resistance of Metals, $10.00 
(] Welding for Engineers, $7.50 


Name 


Address 


MD-10-4 





The Engineer's Library 





gear types, such as spur, helical, 
worm and bevel, the scope of this 
book includes geometry of gear de- 
sign, manufacturing methods, uses, 
and causes of gear failures. Prac- 
tical guidance is given for calcu- 
lating load-carrying capacity of 
gears, choosing materials for their 
manufacture, sizing the parts for 
economical production, dealing 
with limitations imposed by gear- 
cutting tools, and handling gear 
operation problems under typical 
service conditions. Among many 
practical helps are data on shav- 
ing of gears, shear cutting and 
other advances; equations, curves 
and tables to aid in gear design; 
and guidance on kinds and causes 
of gear failure. 


Elements of Structural Engineer- 
ing. By Ernest C. Harris, professor 
and chairman, department of civil en- 
gineering and engineering mechan- 
ics, Fenn College; 513 pages, 6 by 9 
inches, clothbound; published by The 
Ronald Press Co., New York; avail- 
able from MACHINE DESIGN, $7.00 
postpaid. 


This textbook presents struc- 
tural engineering from the point 
of view of mechanical, electrical 
and other noncivi! engineers. 
Structural theory is brought out 
by applying it to cranes and con- 
veyor supports rather than more 
conventional examples of bridges. 
Engineering principles inherent in 
design of buildings are exempli- 
fied by analyzing the effect of new 
electrical or mechanical equip- 
ment on safety of existing struc- 
tures. Chapters cover equilibrium 
and reactions; shear, thrust and 
bending moments; analysis of 
trusses and bracing; analysis with 
moving loads; deflection in beams; 
and design in steel, concrete and 
timber. Tables of section proper- 
ties, load data and symbols are in- 
cluded in the appendix section. 


Organic Protective Coatings. Ed- 
ited by William von Fischer, head, 
department of chemistry and chemi- 
cal engineering, and Edward G. Boba- 
lek, associate professor of chemistry, 
Case Institute of Technology; 395 





FOR BETTER 


SPEED CONTROL 


MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


FINGERTIP 
SPEED CONTROL 


¢ TACHOMETER 
PROPORTIONING 


TENSION OR 
POSITION CONTROL 


MOTOR INTEGRATORS 
BI-DIRECTIONAL 
DYNAMIC BRAKING 
¢ SERVO CONTROL 
’ 


a DEVICES, Inc 


DIV. of 


4 Godwin Ave. Paterson, N. J: 
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it is virtually nonmagnetic 


Untransformed austenite of 13% manganese steel 
is virtually nonmagnetic. This permits its use where 
a strong, tough nonmagnetic metal is required, as 
in magnet cover plates, crane collector shoes and 
similar applications. And it is probably the most 
economical strong material for nonmagnetic parts 
if machining is not required. 


it work-hardens 


Manganese steel has no equal in its ability to work- 
harden, exceeding even the austenitic stainless steels 
in this respect. The maximum hardness practically 
attainable is about 550 BHN. But equally impor- 
tant, manganese steel work-hardens at the point of wear. 


it has slow crack propagation 


The slow propagation rate on cracking provides a 
built-in safety feature. Early determination of im- 
pending failure can be seen and remedied, thus 
eliminating costly down time and possible damage 


to dependent parts or assemblies. 
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goow 
feasons 


for specifying AMSCO” + MANGANESE STEEL 


it remains tough at low temperatures 


Like most austenitic structures, manganese steel re- 
mains tough at extreme low temperatures. Even in 
arctic climates where lows to 100°F below zero may 
be encountered, it still retains a valuable safety factor. 
It has proved ideal for such applications as railway 
trackwork, mining equipment, etc. 


it resists wear 


The combination of toughness and ductility, together 
with the work-hardening property of manganese steel, 
makes it an ideal metal for parts subject to impact 
coupled with abrasion. 


For a more complete technical discussion of manganese steel and its 
inherent design features, write for this free booklet. 


AMERICAN MANGANESE STEEL DIVISION 
Chicago Heights, Illinois 


Name 








Address 








Company _ 











Chicago Heights, 
Illinois 


















Leading The Field In 
FLOW REGULATION 


Where a constant flow of fluid is automati- 
cally required regardless of pressure or back 
pressure variations you will find the answer in 
a WATERMAN FLOW REGULATOR. Small and 
compact in design, taking up little more space 
than the fluid carrying line itself, WATERMAN 
FLOW REGULATORS give years 
of dependable trouble-free 
service. 


















Here is an example of Flow Regulators used as standard equipment by Automatic 
Transportation Co. in their Skylift trucks. More and more manufacturers incorporating 
hydraulic equipment in the products they manufacture are finding that WATERMAN FLOW 
REGULATORS simplify circuits, reduce weight, space, and cost while providing automatic 
flow regulation. 








Available in a range of sizes and a variety of models 
to take care of your requirements. 


WATERMAN 


Engineering Company 


725 CUSTER AVENUE EVANSTON, ILLINOIS 












Write for our 
illustrated 





brochure F 





































The Ball and Disc Integrator 
is a precision (.01%) inte- 
BALL anv DISC grating mechanism with 
super-finished balls and tung- 
INTEGRATOR sten carbide disc. A special 
oiling device provides per- 
PRECISION manent lubrication. Small 
LONG SERVICE size, light weight and design 
simplicity oe it suitable 

for use in: totalizing, rate 
determination, differential 
analyzers, or as a closed loop 
servo-element. Also effective 
as a precision variable speed 
drive. Write for detailed catalog 
information on this or other 
computing, controlling devices. 














SPECIFICATIONS: 
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Width: 1%”, Length 2%”, 
Height 314”, Weight 21 oz. 
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The Engineer's Library 





pages, 6 by 9 inches, clothbound; pub- 
lished by Reinhold Publishing Corp., 
New York; available from MACHINE 
DESIGN, $7.50 postpaid. 


Emphasizing the problems of 
formulation, specification and ap- 
plication of organic coatings, this 
book describes fundamental theory 
and practice of paint as an engi- 
neering material. Several chapters 
present such theoretical aspects as 
engineering properties of paint, 
paint formulation, pigment disper- 
sion, reflective properties and 
reflectance spectrophotometry. 
Others offer typical case histories 
of progress in the coatings indus- 
try, including development of an- 
ticorrosive and luminescent pig- 
ments, aminoplastic resins, hot 
spray lacquers, emulsion and latex 
paints; protection of metal sur- 
faces with synthetic resin coat- 
ings; new applications of organic 
coatings to electrical insulation; 
and the use of silicone resins in 
heat-resistant paints. 


Airplane Structures—Volume 1. By 
Alfred 8. Niles, professor of aeronau- 
tic engineering, Stanford University, 
and Joseph 8. Newell, late professor 
of aeronautical structural engineer- 
ing, Massachusetts Institute of Tech- 
nology; 623 pages, 5% by 9 inches, 
clothbound; published by John Wiley 
& Sons Inc., New York; available 
from MACHINE DESIGN, $7.75 post- 
paid. 


This textbook, a fourth edition, 
presents a study of the application 
of fundamental principles of stress 
analysis. Structural analysis meth- 
ods are shown as essentially simple. 
So far as possible, detailed proce- 
dures are developed as special ap- 
plications of the principles of equi- 
librium, consistent deformations 
and conservation of energy. Al- 
though procedures are discussed on 
the basis of importance to aero 
nautical engineers, they are equally 
applicable to many types of non- 
aeronautical structures, particular 
ly those requiring a high strength- 
weight ratio. 

Following an introductory chap 
ter on general design requirements, 
subsequent chapters cover reac 
tions, shear, bending moments, 
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Barco Manufacturing Company's compact Swing 
Joints use Precision ‘‘O"’ Rings to get trouble-free 
sealing, simplicity of design and easy mainte- 
nance. These features mean economy! 


Precision ‘‘O"’ Rings seal L.P.G. gas, air, oxygen, 


BARCO SINGLE 
SWING JOINT 


gasoline, fuel oils, water, alcohol, coolants, hy- 
draulic fluids and many other fluids in Barco Swing 


Joints. 


Get into the swing to Precision! Our engineers 
will help you. Write for our free handbook. 


FREE—Write for your personal copy of our Handbook on “O” Rings. 


®recision Rubber Products 


mae) tte) ev wale), me. 


Box 431, Oakridge Drive, Dayton Fe 0. Canadian Plant at: Ste. Thérése de Blainville, Québec 
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DIVISION OF AVCO 
































| Quality-Minded Manufacturers 
Sueded Pole Monee Demand Quality Motors 


The world-famous manufacturers, whose trade-marks you see 
above, can’t afford to take chances with inferior rotary electrical 
equipment. The products they make must perform dependably — 
day in and day out — in order to protect and further the out- 
standing reputations of these companies. 


Here at EEPCO we have worked with these industry leaders in 
the research and development of efficient, economical power 
sources for their products. In all cases, we have delivered from 
our production lines rotary electrical equipment that easily meets 
the extremely high standards maintained by these companies. 












} Whatever your problem is, whether it is a complicated dyna- 
7 motor or a simple shaded pole motor, or armatures and fields, 
the EEPCO engineering staff is at your service to develop and 


produce the best unit for you. 







DY—88 Dynamotor 





Write, wire, or phone for complete details. 
ELECTRO ENGINEERING PRODUCTS CO. 
609 W. LAKE STREET, CHICAGO 6, ILLINOIS 
* P-M DC MOTORS & GENERATORS * CAPACITOR TYPE MOTORS «© UNIVERSAL MOTORS 







* DC MOTORS & GENERATORS * SHADED POLE MOTORS (2-4-6 Pole) « P.M AC GENERATORS 







































FOR MAKING YOUR SMALL 
ASSEMBLIES IN ONE PIECE 


Add parts and operations and you add = chances are that Gries engineers can 
cost . . . GRC reduces operations, show you how to simplify—and save. 
makes small parts in ONE low-cost Fast delivery of 100,000 completely 
die casting. Gries methods speed pro- finished small parts — to many mil- 









duction, prevent waste, offer design lions. Write today for bulletin and 
improvement. If you use small parts, samples. Send prints for prompt esti- 
mates. 






World's Foremost Producer of Small Die Castings 






SMALLNESS UNLIMITED 
Max. Wt. 12 on. 5 GRIES REPRODUCER CORP. 
Max. Lgth. 13%4"" : 

32 Second St., New Rochelle, N. Y., Ph.: NEW Rochelle 3-8600 § 














The Engineer's Library 





ae 


beam deflections, continuous and 
restrained beams, properties of ma- 
terials, simple bending, torsion, 
truss analysis, graphical methods, 
ties, columns, compression panels, 
buckling, combined stresses, con- 
nections, deflections by the dum- 
my-unit-load method and an in- 
troduction to statically indeter- 
minate structures. 


New Standards 


Air Pressures for Pneumatic Con- 
trollers and Transmission Systems 
3-15 psi, 3-27 psi and 6-54 psi Op- 
erating Pressure Ranges. 3 pages, 8% 
by 11 inches, paperbound; copies 
available fom Recorder-Controller 
Section, Scientific Apparatus Makers 
Association, 522 Fifth Ave., New 
York 36, N. Y. 


This tentative st-ndard applies 
to pneumatic contru'lers, intelli- 
gence transmission sys‘ems, motor 
operators and positioning relays. 
It establishes standard operating 
pressure ranges and air supply 
pressures corresponding to the 
specified operating pressure spans 
for these devices. 


Association Publications 


Symposium on Porcelain Enamels 
and Ceramic Coatings as Engineering 
Materials. ASTM Special Technical 
Publications No. 153. 128 pages, 6 b" 
9 inches, paperbound; available from 
the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, 
Pa., $2.50 per copy. 


The contents of this booklet is 
comprised of a symposium of six- 
teen papers dealing with the di- 
versified fields to which porcelain 
enamels and ceramic coatings are 
particularly adapted. This sym 
posium was held at the 1953 ASTM 
Annual Meeting and was sponsored 
by Committee C-22 on Porcelain 
Enamel. 


° 


1953 Proceedings of the Instrument 
Society of America. 339 pag«s, 8% 
by 11 inches, ringhound, paper cov 
ered; copies available from the I 
strument Society of America. 1319 
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The new Double A 4 Way valve is designed to give you smooth 
operation and quicker, easier servicing. New safeguards incorporated 
in the unit give added —— an 

operating conditions. 


Valves are 
optional. Rated ca 


- = = = 


BUILT-IN PILOT PRESSURE DEVICE 
. . eliminates need for external 
piloting with open center and 
tandem types. 


e. 


SOLENOID CONTROLLED PILOT OPERATED 4-WAY VALVE 
OFFERS YOU 7 JOB PROVEN FEATURES 


— —= COVER AND GASKET FOR TER- 
seals electrical 


~~ WMINAL BOX... 


= terminals from moisture and dirt. 


ROOMY BUILT-IN TERMINAL BOX 
_- *... Offers easy access to solenoid 
connections for service and 


installation. 


NEW BELLOWS TYPESEAL...com- _ 
pletely seals pilot bore. ° 


spring) models. 


¥2, % 1.P.S. sub-plate mounting type. Sub-plate 
city is 20 G.P.M. and maximum operating 
pressure is 2000 P.S.I. Basic models are two position (no-spring), 
spring-centered and spring off-set. Many variations of each m 
are availabl 


insure long life under normal 
ests have shown the unit functions satis- 


factorily even under severe circuit conditions. 


MANUFACTURERS OF A FULL LINE OF HYDRAULUIC CONTROL VALVES 


SPOOL LOCKING DETENT ... 
combination with spring centered 
pilot section prevents spool shift- 
ing due to vibration or drain 
line pressure in 2 position (no 


el 


RETAINER PLATE .. . 
solenoid, holds internal parts in 
place when solenoid is removed. 


reinforces 


7 SOLENOID COVER AND GASKET... 
insure complete protection of sol- 
enoid from moisture and dirt. 





Designed to 
J.1.C. specifications. 





MANCHESTER, 
7L)ouble | COMPANY “94% 


SALES REPRESENTATIVES 


CALIFORNIA 
The Rucker Co. 
Oaklan:i—Olympic 3-5221 
los Angcles—Kimball 827) 
COLORADO 
Alta Eng neering Co. 
Aurora- Empire 6-3557 
GEORGIA 
J. AL Posicil 
Atlanto-—Atwood 8671 
ILLINOIS 
Walter Norris Engineering Co. 
Chicago—State 2-2804 
INDIANA 
TEC Engineering Co. 
Logansport—3305 


Indianapolis—Wabash 7637 
Muncie 2.7735 
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LOUISIANA 
Sintes Sales Engineers 
New Orleans—Canal 2882 
MARYLAND 
Colliflower, Inc. 
Ellicott City—871 
MASSACHUSETTS 
The James H. Stewart Company 
Amherst—1320 
Brookline—Beacon 2-8989 
MICHIGAN 
J. N. Fauver Co., Inc. 
Detroit—Temple 2-4115 
Cedar 5-5392 
Grand Rapids—5-1247 
MINNESOTA 
H. U. Rogness, Inc. 
Minneapolis—Geneva 1045 


MISSOURI 
Lynn Elliott Co. 

Kansas City—Victor 2197 
Oscar E. Jost Co. 

St. Lovis—Prospect 3-4790 
NEW JERSEY 
The Battersby Co. 

Export 3-5350 
The Airoyal Company 


Maplewood—So, Orange 2-170! 


NEW YORK 

The Airoyal Company 
New York—Cortland 7-9614 

R. C. Neal Co., Inc. 
Buffalo—Mohawk 1110 
Elmira Heights—5168 
Rochester—Glenwood 9390 
Syracuse—75-9911 


OHIO 

Lax Industrial Products Co. 
Cleveland—Shadyside 1-3636 

Hydraulic Power Equipment Co. 
North Lima—Kimball 9-3717 

Scott Equip. & Eng. Co. 
Cincinnati—Main 9540 
Columbus—Walnut 4697 
Dayton—Kemore 1146 

J. N. Fauver Co., Inc. 
Toledo—Waterville 3598 

PENNSYLVANIA 

Erie Industrial Supply 
Erie—2-3231 

The Battersby Co. 


Philadelphio—Radcliffe 5-7760 


Weinman Pump & Supply Co. 
Pittsburgh—Walnut 1-7705 


TEXAS 

Lynn Elliott Co. 
Dallas—Sterling 1140 
Houston—Charter 4715 


WASHINGTON 
The Rucker Co.—Seattle 


WISCONSIN 


=. L. Thompson 
Milwavkee—Hilltop 4-4817 


OUTSIDE CONTINENTAL 
U.S. CONTACT 


International Sales Division 
New York Airbrake Company 
New York, New York 
Phone: Worth 4-3580 
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+CON TROL 
AIR DUCT 


HOW... 
CHACE THERMOSTATIC BIMETAL 
ACTUATES and CONTROLS the 














PALM BEACH Comfort Control System 


The PALM BEACH Comfort Control System is a completely 
self-contained unit which, when attached to the blower motor 
of a forced air heating system, regulates desired amounts of 
warm air circulation by driving the blower at variable speeds. 
Among the many advantages of this control are elimination of 
high rotative speeds of most blower systems and resultant drafts 
caused by frequent starts and stops. The PALM BEACH Comfort 
Control is actuated by Chace Thermostatic Bimetal which aids 


in vastly increasing overall efficiencies ond fuel savings. 


The bimetallic element (A) is attached directly to the shaft. 
As the temperature in the warm air plenum chamber begins to 
rise due to burner operation and exceeds 80° F., warm air is 
drawn into shroud (B) by rotating suction fan (C). Sufficient 
tension is created in the bimetal to energize clutch (D), causing 
the blower to start at very slow speeds. As the temperature 
continues to rise, the Chace Bimetal, reacting in direct propor- 
tion to the amount of heat present, increases the pressure on 
the clutch, allowing the blower to speed-up. 


Chace furnishes thermostatic bimetal in 29 types, in strip, 
coil or in complete elements, fabricated and assembled to your 
specifications. Before development of your new controlling, in- 
dicating or protecting device, read our booklet, “Successful Ap- 
plications of Chace Thermostatic Bimetal,” containing valuable 
engineering data. Write for your free copy today. 


W. M. CHACE CO. 
Theunostaxic Bimeltal 


1616 BEARD AVE., DETROIT 9, MICH. 


The Engineer's Library 





Allegheny Ave., Pittsburgh 33, Pa,, 
$5.00 each for ISA members, $10.00 
each for nonmembers. 


This volume contains all 74 
papers presented before the Eighth 
National Instrument Conference 
held in Chicago, September, 1953. 
Subjects covered include instru- 
mentation for production processes 
and testing; instrument operation 
and maintenance; physical proper- 
ties measurement; and aeronau- 
tical, transportation, medical, geo- 
physical and process control in- 
strumentation. 


Methods of Reasoning. By P. D. 
Scott, 16 pages, 8% by 11 inches, 
paperbound; available from the Cleve- 
land Engineering Society, 2136 BE. 
19th St., Cleveland 15, O. $1.00 per 
copy. 


Starting from the basic thought 
of what is reasoning, this book- 
let proceeds through steps cover- 
ing concept of the sensed diffi- 
culty, techniques of establishing 
the problem and how to state the 
approach and method of arriving 
at sound solutions. 


Manufacturers’ Publications 


B. F. Goodrich Multi-V Belts Engi- 
neering Handbook. 76 pages, 814 by 
11 inches, wirebound, paper covered; 
available from The B. F. Goodrich 
Co., Industrial Products Division, 
Akron, Ohio, on company letterhead 
request. 


This handbook features a con- 
venient guide to the design of 
standard and high-capacity V-belt 
drives. New horsepower rating 
tables closely approximate actual 
operating conditions and _ reflect 
the increased ability of modern 
belts. The tables cover speed rat- 
ings from 100 to 6000 feet per 
minute. 


¢ 


Forming and Bending Kaiser Alv- 
minum. 270 pages, 5% by 8% inches, 
clothbound; available from Technical 
Editor, Kaiser Aluminum & Che mical 
Sales Inc., 919 North Michigan. Chi 
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Send for this 


This new catalog on the 
complete American 
Conveyor Pulley line 
is yours for the asking. 
Write for it today. 





American Pulley's split tapered Wedg- 
Tite hubs are drawn into place by six or 
eight full-threaded, 
Tapered hub shoulder locks onto machine- 
tapered disc—takes 
driving load off bolts to eliminate disc, 


bolt, and hub wear. 


&r sizes of Wedg-Tite hubs have 
‘'ra cross-clamp bolt threaded 
'apped hole for dual gripping 
When all bolts are tightened, 
tightly clamped to shaft for its 
ength—prevents pulleys 


on shafts 


Now—by American Pulley—a complete 
line of steel conveyor pulleys with split 
tapered, clamp-type hubs at no extra cost 


For the first time, you can buy conveyor 
pulleys with split tapered hubs in all sizes 
down to 6” diameter x 12” face! Moreover, 
this new line, Type “HD”’, is designed and 
built to take the extreme loads of today’s wider, 
larger-capacity, more rugged belt conveyors. 


Heart of the “HD” pulley is the “WT” 
(Wedg-Tite) hub. This massive, split tapered 
hub squeezes its shaft with a bulldog clamp- 
grip to prevent hub wear, bell-mouthing and 
pulleys from “‘walking”’ on their shafts—makes 
pulleys easier to install or remove from shafts. 


ard—crown or straight face—in sizes from 6” 
through 60” diameter, 12” through 66” face, 
and for shaft sizes through 10” diameter. 
Larger sizes are built to specification. 

For applications where lagged pulleys are 
required, be sure to investigate American 
Pulley’s exclusive Griplex Spiralagging. This 
unique, inexpensive, top-quality covering can 
easily be repaired or replaced. 

Two other pulleys, Type “L’—for light 
duty applications—and Type ‘“O”—where 
split construction is required—are also avail- 


high-tensile bolts. 


Tat tiel Ms lilo] 





able. See your local distributor or write today 
for full information. The American Pulley 
Company, 4236 Wissahickon Avenue, Phila- 
delphia 29, Pa. 


Keys now become necessary only on drive 
pulleys. 

American Type “HD” Conveyor Pulleys 
with split tapered hubs are available as stand- 


Pulleys with bores over 4 7 16” have 
a heavy steel backing ring tack- 
welded to inner side of each end disc 
and taper-bored with it. When hub is 


drawn into recess formed in disc and 
backing ring, it squeezes the shaft in 


oMmoi al Mol Muleh dul lum Toh e 


At the Profit End of the Machine 





Power Transmission by 


‘ MERICAN 


PULLEY COMPANY 












CONTROLLED 
TIMER 


at a price you can 
afford 


Practically non-breakable, 
Durakool Pre-set Timer Relays 
have more than proved them- 
: selves on the roughest and 
toughest jobs that could be 
found. Year by year, their use 
increases in sensational fashion. 
Controlled time available from 
1S to 20.0 seconds in either 
normally open or normally 
closed actions. 3 to 4 week 
No waiting. Your 
production schedule is met. 


delivery. 


No false contacts 
No chatter 


Quiet in operation 


+ + + 


Eliminates double contacting 
or breaking of circuit 


See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Ind. 








Durakool 


ALL-STEEL MERCURY 


Jame 























The Engineer's Library 





cago 11, IlU., on company letterhead 
request, or $2.00 per copy. 


Covering practical procedures 
and technical advancements in 
forming and bending aluminum, 
this book presents comparative 
material on different types of 
forming equipment and offers de- 
sign engineers specific data on alu- 
minum characteristics. These data 
indicate aluminum alloys favor- 
ably suited to specific forming 
and bending operations. 

Subjects considered in separate 
sections are: forming and bending 
with hydraulic and mechanical 
presses, forming aluminum in 
rubber, roll forming, spinning, 
bending pipe and tube, tensive and 
compressive forming, and a glos- 
sary of terms applying to metals 
and metalworking. 


“Timing” Belt Drive Engineering 
Handbook. By Richard Y. Case, en- 
gineer, United States Rubber Co., 201 
pages, 5% by 8% inches, clothbound; 
available from United States Rubber 
Co., Rockefeller Center, New York 
20, N. Y., or New York Belting and 
Packing Co., 1 Market St., Passaic, 
N. J., on company letterhead request. 


Written by the Timing belt in- 
ventor, this handbook provides the 
designer with all pertinent engi- 
neering data necessary for the in- 
corporating of Timing belt drives 
in original equipment. Standard 
drive tables are included. 


Government Publications 


NACA Technical Series. Each pub- 
lication is 8 by 10% inches, paper- 
bound, side-stapled; copies available 
from National Advisory Committee 
for Aeronautics, 1924 F St. N.W., 
Washington 25, D. C. 


The following Technical Notes 
are available: 


3212. A Nonlinear Theory of Bending and 
Buckling of Thin Elastic Shallow Spherical 
Shells—58 pages. 

3214. Fundamental Study of Erosion Caused 
by Steep Pressure Waves—30 pages. 

3215. Tests of Bonded and Riveted Sheet- 
Stringer Panels—45 pages. 

3269. Additional Static and Fatigue Tests of 
High-Strength Aluminum-Alloy Bolted Joints— 
42 pages. 






Flectrol 


Speed Control 
Valves 






























Handle Air... Oil or 
Water with Oper- 
ating Pressures 


up to 1,500 P.S.I. 







































Schematic illustrates typical instal- 
lation of Electrol Speed Control 
Valves. 















Electrol Speed Control Valves are 
designed to handle air . . . oil or 
water with operating pressures up to 
1,500 P.S.I. They allow free flow in 
one direction and—by use of c me- 
tering device and check valve— ac- 
curately control reverse flow from 0 
to valve maximum, even after thou- 
sands of cycles. They are available 
with ye”, Y%, Pe %", Vy ” and ¥," 

| N.P.T. ports. Your inquiries will ree 
| ceive prompt attention. 


| Bele Detipued Produc 
| ge Lrectral Hydeailid 


Electrol 


HYDRAULICS 9 


KINGSTON, NEW romK 
Telephone, Kingston 1980 












































CYLINDERS * SELECTOR VALVES + FOULOW-UP VALVES 
CHECK VALVES + RELIEF VALVES * HAND PUMPS 
POWERPAKS + LANDING GEAR OLEOS * SOLENOID 
VALVES * ON-OFF VALVES + SERVO CYLINDERS * TRANSFER 
VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES 
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FASTEST THING IN 


JOHN DEERE harvests 3-way savings! 


Everybody reaps the benefits of John 

Deere’s fastener engineering on their 

new No. 227 Corn Picker. The farmer 

saves maintenance hours... the dealer 

makes fewer service calls... and 
John Deere cuts assembly costs 50%! 


This triple play resulted from John Deere’s six years of field 
testing and research into fastening methods. Studies proved that 
rugged, self-retaining SPEED Nuts provide the simplest, fastest, 
most secure attachments, and make servicing far simpler. 


Similar savings and advantages can be yours. See your Tinnerman 
representative for details on our free Fastening Analysis Service. 
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FASTENINGS® 


Self-retaining ‘‘U’’ and ‘‘J’’ Type 
Speep Nuts hold themselves in 
screw-receiving positions for blind- 
location assembly. John Deere 
uses sturdy 14Z sheet metal screws, 
power-drives them into nuts—no 
pre-assembling! SPEED Nuts can’t 
freeze on threads— screws are al- 
ways easy to remove for servicing. 











Write for your copy of “SAVINGS 
StorIEs”—a volume filled with fasten- 
ing ideas. TINNERMAN PRODUCTS, INC., 
Dept. 12, Box 6688, Cleveland 1, Ohio. 
In Canada: Dominion Fasteners Ltd., 
Hamilton, Ontario. In Great Britain: 
Simmonds Aerocessories, Ltd., Tre- 
forest, Wales. In France: Aerocessoires 
Simmonds, S. A., 7 rue Henri Barbusse, 
Levallois (Seine). 











SHENANGO 


CASTINGS 













Contrtfugad 


... KEY TO SAVINGS 























Centrifugally cast Meehanite Metal 
printing press rolls with circumferential 
and longitudinal scoring. Because these close 
grain Shenango castings are better able to re- 
sist distortion and deflection, they are ideal 
for continued, trouble-free service where 
conditions are rugged. 


Why Shenango Meehanite castings 
do a better job, longer 


AKE these printing press rolls, 

for example. They’re not only 
made of uniform, precisely con- 
trolled Meehanite Metal, but they’re 
produced by Shenango’s centrif- 
ugal casting process. 


This combination means strong- 
er, pressure-dense metal, with more 
evenly dispersed graphite flakes, as 
well as freedom from porosity, sand 
inclusions, blowholes and other 


COPPER, TIN, LEAD, ZINC BRONZES - 
ALUMINUM AND MANGANESE BRONZES - 





strength destroying defects. 


If you need symmetrical or annu- 
lar parts for tough service, large 
parts or small, finished or semi- 
machined, you will be time and 
money ahead with Shenango. You 
are welcome to the facts. Write to: 


SHENANGO-PENN MOLD COMPANY 
Centrifugal Castings Division 
Dover, Ohio 
Executive Offices: Pittsburgh, Pa 


MONEL METAL 


NI-RESIST «+ MEEHANITE’ METAL 






















W HEN a psychologist looks at 

today’s engineer and con- 
cludes there’s a “new engineer,” 
it’s something to look into. In a 
recent issue of GM’s Engineering 
Journal, Dr. Louis J. Cantoni of 
General Motors Institute offered 
the following answer to this ques- 
tion: 





_What Is An Engineer? 






A facetious definition which has 
been current is: 


An engineer is a person who 
passes as an exacting expert on 
the basis of being able to turn 
out infinite strings of incompre- 
hensible formulae calculated with 
micrometric precision from vague 
assumptions which are based on 
debatable figures taken from in- 
conclusive experiments carried 
out with instruments of pro- 
blematical accuracy by persons 
of doubtful reliability and ques- 
tionable mentality for the avowed 
purpose of annoying and con- 
founding a hopeless and chimeri- 
cal group of fanatics referred to, 
all too frequently, as engineers. 





Many reactions are possible to 
this definition, and most of the 
reactions, after the first chuckle 
or two, are not favorable to the en- 
gineer. One reaction is that the 
definition is tragicomic. Comically, 
the engineer strikes one as a bur- 
lesque fellow whose jocular pur- 
pose in life is that of mystifying 
his colleagues. But tragically, in 
the pile-up of emasculating phrase 
upon emasculating phrase, the el- 
gineer emerges a man stripped of 
his singular achievement—his tech- 
nical competence. 

The definition, of course, repre 
sents a bit of humor and any 
one in as demanding an occupa 
tion as an engineer’s should re 
sort to humor occasionally, if only 
to maintain his sense of proportion. 
Perhaps travesty is healthy when 
it is a family affair. Yet, the jok 
ing of intimates can reflect the 
actual views of certain critically 
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BAKEWITE |>olyeilhyiene 


| GIVES YOU MANY WAYS 


TO SOLVE DESIGN AND PRODUCTION PROBLEMS 






at 
n- 
‘ REMEMBER THE MANY WAYS AND EASE OF FABRICATION 
ng 







Injection Molding 


Extrusion 







Calendering 


Blow Molding 






as 






Lamination 






Casting 






Coating 






Vacuum Forming Extruded wire insulation Blow-molded carboys Vacuum-formed dome 


REMEMBER THE MANY USEFUL PROPERTIES 


Very light weight 








Flexibility Boe 


“iy, =~ 





Toughness wf ai 
Abrasion Resistance 
Chemical Resistance * 


Auto spring pads 





Translucency 





Colorability 





Remember to plan your next product with Bake.rreE Polyethylene 


in mind. It can contribute greatly to sales success. And, plentiful 





supply has been created to meet the demand. For idea-provoking help 






and literature, write Dept. ZG- 52. 







BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [4g 30 East 42nd St., New York 17, N.Y. 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario. 
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SUMP TYPE 
(cutaway) 
MARVEL ENGINEERING CO. 
625 W. Jackson Bivd., 
Chicago 6, Ill. 


Catalogs 
containing 
complete data 
available on 

request 






FILTERS FOR 
NON-FLAMMABLE 
HYDRAULIC FLUIDS 


Another FIRST for Marvel! 


filter for the efficient filtration of all non-flammable hydraulic 
Marvel Engineering Company is again setting the pace. 
By maintaining the accepted Balanced Synclinal Design in 
this most recent development, all of the outstanding benefits 
that hove won overwhelming preference for MARVEL 


SYNCLINAL FILTERS for use in all hydraulic and low pres- 
sure circulating systems have been retained. 


IMMEDIATE 
DELIVERY! 


Now, as in the past, 
Marvel offers immediate 
delivery. 


MEET 
J.C. 
STANDARDS 


Write, or 
mail coupon to 
obtain complete data. 





LINE TYPE 
(cutaway) 


Phones—Franklin 2-3530 
and Franklin 2-4431 


MD-10 
Without obligation, please send me complete data on 
4 Marvel Synclinal Filters, as follows:— 
[] Catalog #106—For Hydraulic Oils, 
Coolants and Lubricants 
Catalog #300—For WATER 
Pwr on filters for Non-flammable hydraulic 
vids. 





Stress Relief 





disposed groups. Some educators, 
some nonenyineer management 
people, employees, and members of 
the general public entertain a 
stereotype of the engineer very 
much like the one quoted. 

Why does the definition convey 
an impression unfavorable to the 
engineer ? 

It is not because of the humor- 
ous approach. The real reason is 
that the vitalizing influence of the 
human-relations emphasis has been 
omitted. Without this emphasis, 
the engineer’s know-how is like a 
gasoline engine which does not 
power anything because it cannot 
be sparked into action. 

In the nation’s industrialized 
economy, everyone is the loser 
when a worthwhile new tool or 
method fails to be adopted in busi- 
ness or in industry. Yet, many new 
tools and methods fail to be put 
into use every day because some 
expert’s approach to his colleagues 
or other workers did not include 
an understanding of their individ- 
ual needs and desires. 

The engineer has gained wide 
recognition for the technical com- 
petence which, as a matter of 
fact, he possesses by training and 
experience. Beyond this, he is gain- 
ing recognition for the human-rela- 
tions understandings and_ skills 
which he has begun to build in. 
A survey of engineering-school 
catalogs will show that, since 
World War II, an increasing num- 
ber of courses are being offered in 
humanistic studies and in the soci- 
al sciences, specifically in psy- 
chology. In addition, through en- 
rollment in adult-education pro- 
grams, whether management-spon- 
sored or not, the working engineer 
has demonstrated his growing in- 
terest in the human-relations as- 
pect of his job. 

What, then, is the new engineer? 
The new engineer Ey is the prod- 
uct of his own technical com- 
petence C, in interaction with 
varied life experiences Lyg which 
have been energized by psycho 
logical insight Jp. Expressed as 
a formula: 


E, = 1, (Ly, + Ce) 


N 


Whether he is at home, at work, 
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CUT civeprintinc 
costs 50% 


OR MORE 
Save Time— Speed Operations 
with Whiteprint Automation 


NEW 44-inch 115 volt 
- ———ep 
& 


Model 1400C Ammonia-Dry 


WHITEPRINTER 


Features the New P&H _ Electronic 
Drive Control, with Synchronized 
Printing and Developing Speed up 
to 14 feet per Minute 

Gives maximum efficiency in mini- 
mum space. Makes it easy for any- 
one to produce exact, same-size 
black line or colored line dry white- 
prints in volume as needed—con- 
tinuously or intermittently. Handles 
cut sheets or roll stock up to 44 in. 
wide in any length. Electronic drive 
provides instant speed change, with 
fujl stop and reverse control. Simple 
to install and maintain. Fast write- 
off. Price, $1395. 


Send for Bulletin 54S5 


Save 40% or more on Typing-Copying Costs 


NEW OFFICE-SIZE 


—~ CopyWMaster 


DRY PROCESS WHITEPRINTER 


A thousand or more letter 
or legal size copies per 
hour—at slightly more than 
lc per copy! 


Make exact copies from 
translucent originals. Speed 
office procedures. 20-inch 
plus width capacity. Syn- 
chronized printing and de- 
veloping speed up to 30 ft. 
per min. 


Floor Model 1400F. $1295 
Table Model 1400T. $1195 


Send for Bulletin 54C5 


Other whiteprint outfits 
from $69.50 





GALES cORF 
REPRESENTING 


MFG. 
Peck & HARVEY ."S 
5630 N. WESTERN AVE. + CHICAGO 45 
Since 1937 - Over 15,000 Machines in Use 

MFRS. OF WHITEPRINT, BLUEPRINT & PHOTOCOPY EQUIR 
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or in the social and civic com- 
munity, insight vitalizes the engi- 
neer’s day-to-day experiences with 
people. Insight enables him to dis- 
cover what is implied in their likes 
and dislikes, their special abilities 
and peculiar weaknesses, their de- 
sires, their ambitions, their atti- 
tudes, and the typical ways in 
which they attempt to stave off 
anxiety. As his varied and mean- 
ingful life experiences interact 
with his technical knowledge and 
skills, the engineer recognizes the 
importance of the human factor 
in his efforts to improve design, 
to employ better methods, to re- 
duce cost, to step up quality, or 
to locate new markets. 

Psychological insight does not 
operate in a hit-or-miss fashion. 
There is nothing strange about 
the fact that, on or off the job, 
people seek social approval and 
plan situations and events so that 
they can feel secure. However, 
when things do not turn out in 
accordance with their needs and 
desires, different individuals have 
different ways of maintaining their 
self esteem. The conscious and sys- 
tematic application of psychologi- 
cal principles toward understand- 
ing people’s reactions to stress and 
frustration very often affords in- 
sight into the reasons for their 
behavior. 

But it is not enough for the 
engineer to try to understand the 
feelings and the motives of others. 
A growing understanding of others 
is dependent upon a growing under- 
standing of one’s self. As he ap- 
plies his knowledge of psychologic- 
al principles to himself, the engi- 
neer develops more and more in- 
sight into the why’s and where- 
fore’s of his own actions and re- 
actions. This self-understanding, 
in turn, helps him to perceive with 
increasing accuracy the effects of 
his own behavior on the behavior 
of others around him. 

In summary, the new engineer 
represents the fusion of his own 
meaningful personal experiences 
with his technical competence. Be- 
cause of this fusion, he can work 
effectively with colleagues and 
others toward the solution of some 
of the world’s multidimensional 
engineering problems. 





FURNAS 
ELECTRIC 


ty Pay 


FOR STARTER CAPACITY 
NEVER USED? 


THE ANSWER TO THIS QUESTION COULD 
SAVE hard-earned dollars needlessly 
thrown away. 


When choosing from the widest range 
of starters in the 1-50 hp range, you 
save by selecting the starter matched to 
the job—with no wasted capacity. 


Furnas Electric starters—nine of them 
in the 1-50 hp range—are designed and 
built to match most applications. 


Sae 25%, TODAY 


LIKE THIS 


Here’s an example of typical savings you 
can earn through proper starter selec- 
tion: for 10 hp service, for example, 
you'd select Furnas Electric Type YE 
rated for the job. This saves you up to 
25% on initial costs and 40% on space 
over a YF size 2 (rated 25 hp) normally 
selected for 10 hp service. 


All of the nine Furnas Electric sizes 
offer worthwhile savings. 


Important FEATURES 


Furnas Electric starters give you these 
additional benefits. Dual Voltage Coils— 
matched to motor voltage. Thermal Over- 
load Protection. Shallow Case for easy 
wiring. Durability to stand up under 
rough service. Arc Resistant Terminal 
Board. Arc Quenching Silver Contacts. 


Complete RANGE OF 


OTHER PRODUCTS 


Pressure switches for air and water ap- 
plications. Drum controllers for revers- 
ing, multi-speed and reversing multi- 
speed service. 


Write today for full story or contact our 
representative near you. Furnas Electric 
Co., 1045 McKee St., Batavia., Illinois. 
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PALMETTO. 








The Baldwin-Lima- 
Hamilton Corporation, 
Eddystone, Pa. Division, 
recognized a manufactur- 
ing advantage in the 
PALMETTO G-T Ring. 
Designing it into their 
Baldwin Compression 
Testing Machine (capac- 
ity—50,000 lb; pressure—1,000 psi; stroke—3 in.) 
meant design simplification—a simple groove instead 
of a complex stuffing box. Here is where engineering 
foresight paid off... Changing to this modern dy- 
namic ram seal not only saved space, but hours of 
machining as well. Because high sealing efficiency 
and long service life are maintained along with these 
manufacturing advantages, the PALMETTO G-T 
Ring is now standard for Baldwin in this application. 





CANNOT SPIRAL nee 


The Palmetto G-T Ring, unlike 
an O-Ring, will not twist and 
turn in the groove. T-form pre- 
vents spiral failure even in dy- 
namic applications. 


cu ex i 


Resilient ''T"'-section supported 
by non-extrusion rings on 
either side makes extrusion im- 
possible. As pressure is ap- 
plied, non-extrusion rings ore 
urged against cylinder wall, 


AAMAS blocking the path of extrusion. 








Write for our Manual MP-200, Engineering 
Standards for Palmetto Molded Packings. For 
design information on G-T Rings, see our cata- 
log in Sweet's Product Design File. 








packing mane pupmanc nt ey oppaton SH PO 
GREENE, TWEED & CO. North Wales, Pa. 


NOTEWORTHY 






Misaricnment COMPENSATION in rotating 
_ Shaft connections is provided by a flexible coupling 





design. Employing a three-piece construction, the 
coupling consists of identical flanged hubs mounted 


to each shaft and a center torque transmitting disk 
| molded of a flexible material. Torque is transmitted 





through the molded disk by means of projecting lugs 
attached to the flanges, which engage mating holes 
in the center disk. Assembly and maintenance are 
facilitated by the compact three-piece construction 
and the resilient center disk is capable of withstand- 
ing relatively high operating deflections and parallel 
or angular misalignment of the connected shafts. 
Patent 2,6€9.218 assigned to Morse Chain Co. by 
E. F. Riopelle. 










Renmore FLOW CONTROL in high-pressure hy- 
draulic systems is offered by a solenoid valve em- 
ploying a built-in pilot arrangement. Designed for 
normally-closed operation, the valve can handle large 
flow rates and is especially suited for use with panel 
board or other centralized control installations. Flow 
through the valve is controlled by a solenoid-operated, 
spring-loaded plunger which opens and closes a by- 
pass leading to the rear of a spr:ng-loaded main valve 
plunger. When the bypass is open (solenoid ener- 
gized), fluid pressure actuates the main valve plunger 
to permit flow straight through the valve. When the 
bypass is closed (solenoid de-energized), or system 
fluid pressure drops below a prescribed minimum, 
spring action closes the main plunger to cut off flow. 
Valve operating forces are reduced to minimum by 
the design which provides instantaneous and positive 
electric control over flow-rates with a smal! light- 
weight valve assembly. Patent 2,663,319 assined to 
Bendix Aviation Corp. by J. Marinelli. 


Reverstste BELT DRIVE for low hor: «power 
applications combines a standard V-belt trans :ission 
with a friction reverse. Controlled by a lever-o crated 
linkage, the drive offers three-way power «ontrol: 
forward, neutral and reverse. In the forward p sition, 
power is transmitted by means of the V-be drive 
through sheaves on the driving and driven shafts. 
Adjustment of the control lever to the revere posi 
tion however, actuates a linkage to move th shafts 
closer together engaging friction drive disks 1 each 
of the shafts and reversing the direction of ~otation 
of the driven shaft. At the same time the m:vement 
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Ns ee PESCO Pressure-Loaded 
\ X Model 052817 Hydraulic 
X Steering Pump 


If you are interested in “‘man-sized” power for 
your heavy duty power-steering systems without 
excess bulk or weight, you'll want to test the Pesco 
Power-steering Pump on your specific equipment. 

This outstanding Pesco pump is specifically 
designed and ruggedly constructed to provide full, 
dependable power steering for on-and-off-the-road 
heavy duty vehicles. It is not an adaptation of a 
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standard passenger car unit applied to heavy duty 
use. The unit provides a standard pressure relief 
setting of 750 psi, with optional pressures to 1200 
psi if desired. 

A limited number of these exceptional Pesco. 
pumps are available for field tests on specific 
equipment. For full information call or write the 
Home Office, Bedford, Ohio. 


For full information on Pesco Hydraulic Pumps, Power 
Packages, Hydraulic Motors, Electric Motors, or Controls 
and Valves, call or write the Home Office, Bedford, Ohio. 
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AGRICULTURAL INDUSTRIAL 


Sa sig 


AIRCRAFT AUTOMOTIVE CONSTRUCTION EARTH MOVING 


PRODUCING THE BEST IN HYDRAULIC EQUIPMENT AND ELECTRIC MOTORS 


BORG-WARNER CORPORATION 


24700 NORTH MILES ROAD 
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which is suitable for use under limited misalignment 
conditions and can be operated in either direction of 


Noteworthy Patents 











of the shafts loosens the V-belts on their sheaves 
to disengage the belt drive. In the neutral or inter- oy 
mediate position, both the friction and V-belt drives 






























































rotation. Power is transmitted from the driving to driv- 
en shaft through a metal sleeve which is slotted at the 
ends to engage projecting radial lugs or set screws 
on hubs mounted to each shaft. Metal-to-metal con- 
tact is prevented by the use of rubber bushings at the 
lugs and O-ring spacers between the hubs and sleeve. 
Resilience of the rubber acts as a cushion to absorb 
























are inoperative. Retention of the V-belts on the 


sheaves during neutral and reverse operations is vibration but permits torque transmission without 
provided by pin stops. Patent 2,670,630 assigned to windup or surges. Patent 2,667,768 assigned to 


Pe ae. OY eS Stewart-Warner Corp. by H. E. Winkler and M. F. 
Winkler. 









Viprationiess TORQUE TRANSMISSION be- 
tween connected shafts is offered by a flexible coup- Bacxiasu TAKEUP in spur gear trains is pro- 
ling design. Metal-to-metal contact between power vided by a three gear assembly mounted as a single 
transmitting members is eliminated by the design unit. Serving as an idler gear, the three gears of 


jo FLEXIBLE COUPLINGS 


- Quickly Installed 
- Double-Life Cushions 


- Permanently Non-Lubricating 


@ Lovejoy’s simple, rugged design permits easy, quick installation or 
removal. Load cushions are in plain sight at all times for rapid 
inspection and can be removed without tearing down the coupling. 
















TwO IDENTICAL COUPLING BODIES ——_ 
. 


















® One-half the cushions act as idlers during operation, except on reversing loads. 
In non-reversing operation, the cushions can be reversed to double their service life. 





®@ Lovejoy Couplings never require lubrication. 






® Lovejoy manufactures a complete range of flexible couplings from fractional 
hp. at up to 1750 rpm. to over 2400 hp. at 1200 rpm. and higher. Get full 
information on this “maintenance-free” line, including catalog with complete 
specifications and operating capacities. 


Ly TTT 
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4818 W. LAKE ST. © CHICAGO 44, ILL 


FLEXIBLE COUPLING CO. 


Also Manufacturers of Universal Joints, Variable Speed Pulleys and Transmissions 
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Wound-Rotor 
Drip-proof Type 


Explosion-Proof 
“Sealedpower"™ 


DC Mill Motor 
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Squirrel-Cage 
Drip-proof Type 
Splashproof Type 


*“Sealedpower"’ 
Totally-Enclosed 
Fan-cooled 


Squirrel-Cage 
Totally-Enclosed 
Non-Ventilated 


DC Open Type (illustrated), Drip-proof 
Also Drip-proof Guarded 


Brake Motor 


@ Like the sterling mark on silver, an Elliott 
Crocker-Wheeler motor on a machine tool, pump, 
fan, textile machine, is a positive indication of the 
quality which the machine builder has put into his 
product. 


The Elliott C-W line of integral motors is complete, 
covering a range of 1 to 200 hp, all types available 
including the new Elliott C-W Gearmotor. 


Your local Elliott representative will give you all 
the facts—or write Elliott Company, Crocker- 
Wheeler Division, Ampere, N. J. 


ELLIOTT Company Pio 


Gearmotor. 
Single reduction 
with brake. 








DIAL THE SPEED— CONTROL THE PROCESS 


with a Performance Rated 
SELECTIVE SPEED 


® Offers automatic control integrated with your 
process. 


® Covers a wide speed range—forward or reverse. 
® Starts, stops—fast or slow. 
© Allows forward or reverse jogs. 


® Controls one or more motors. 


With a Century Performance Rated Selective 
Speed Drive, you can often integrate speed 
changes to cycle automatically as the process 


requirements dictate. 
® You can automatically regulate metal cutting 
for optimum cutting speeds. 


® Make the speed change automatically sensitive 
to changing temperature or pressure. 


© Make the speed change automatically sensitive 
to changing diameter of a feed roll. 


® Make the speed change automatically sensitive 
to the viscosity of a mix. 





* You can use many different kinds of control 
devices in the control circuit to change speeds 
... to jog...to apply dynamic braking, etc. 


You’re welcome to full information on your 
specific drive problem. Call your nearest Century 
District Sales Office or Century Authorized 
Distributor, or write direct. See telephone listings. 


Century makes A. C. and D. C. motors 
lg to 400 H. P. 





ee CENTURY ELECTRIC COMPANY 
Ml TO: 1806 Pine Street, St. Lovis 3, Missouri 


Offices and Stock Points in Principal Cities 
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the assembly are mounted side by side on the same 
shaft; the center gear is fixed to the shaft while the 
outside gears are free to rotate or float and are con- 


| 
nected by means of a wire spring which tends to | Power, NOUILS HULU 
| 








turn them in opposite directions. Power is transmit- 
ted through the fixed gear. One floating gear meshes 
with the driving gear in the train and other floating | 

gear with the driven gear. In operation, the spring | On Y UL 


action of the floating gears acts to apply pressure in 


opposite directions on the teeth of the mating gears, | ry 
eliminating play between the gears of the train. A | 

modification of the design for use in a reduction gear | 

drive is also described in the patent. Patent 2,663,198 


assigned to Bendix Aviation Corp. by Charles W. 
Cairnes. 
























Leaxticnt SEALING of shaft and housing as- 
semblies to prevent contamination of hydraulic fluids 
in impeller pumps is effected by a molded rubber 
shaft seal. Sealing action is provided by a V-shaped 
diaphragm construction; one leg is mounted rigidly 
between two shoulder rings on the shaft and the 
other is bonded to a plastic wear ring which engages 















EFFICIENT 
ECONOMICAL 
DEPENDABLE 

































@ No slip or stretch 
| e Exact speed ratios maintained 


e Maximum delivered horse power 
to driven unit 


If you too want roller chains that 





and slides against the hous’‘ng. Sealing engagement 
of the wear ring with the housing is maintained by 
& coil spring which is backed up against one of the 




















retaining shoulder rings. Irregular shaft or housing can take it—that can cut operating 
end movements are accommodated by the flexible —_ — ats top — 
. : . then take advantage of a 
rubbe: diaphragm and the seal shape is such that Culienen sales chain Gees 
Variations in external hydraulic pressure will not tailored to your needs. 
aff : : , See our insert in 
ect the pressure of sealing engagement of the wear For full information or help on Sweet's Catalog for 











ting. Modifications of the seal for use with different | | ~-your power Sa a Product Lesigners, 
housin ¥ 2 write direct or contact the Cullman or for complete data 

Sing and shaft mounting requirements are also man in your area. write for catalog | 
shown. Patent 2,671,407 assigned to Chrysler Corp. No. 51, shown above 





by Alun L. Higbie. 
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POWER TRANSMISSION 
ROLLER CHAINS AND SPROCKETS 
REPRESENTATIVES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 
CULLMAN WHEEL COMPANY, 1336 ALTGELD ST., CHICAGO 14, ILLINOIS 





Copies of the patents briefed in this department 
may be obtained for 25 cents each from The Com- 
missioner of Patents, Washington 25, D.C. 
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of Amerigear 
ed Tooth Form. | SJ 





ip gaat # 


-._.__ The Amerigear’ patented 
> ___ fully crowned tooth form... | 








-- IS THE SOURCE OF 


High Misalignment Capaci 


IN Amerigear 
COUPLINGS 


@ An enginéeted application, using advantages of the Patented 
Amerigear HMC* Flexible Coupling, can solve any power trang 
mission problem arising from: 








@ Excessive lateral and angular @ Space limitations; 
ty misalignments; @ High speeds and loads; 
- Mlustrating Full @ Tight backlash requirements; | @ Continuous operation; 


ment Pattern or any combination of these 








¢ ~ CodebddosderdoraA 























: Comparison with gearing of conven- ously allows for both lateral and 
' tional gear-type couplings shows how angular misalignment. Dotted lines 
Patented Amerigear Tooth Form elimi- indicate gear teeth of conventional 

nates tooth end loading and simultane- gear couplings. 













































































laear. nme Frexipie cours AM 


One of several standard types embodying the | 
Amerigear Tooth Form | 
Patented and Patents Pending 





Amerigear 
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HMC* COUPLINGS 













. 
General view of gale 
hoist machinery used 
at Big Cliff Dam. Note 
relatively small size of 
Amerigear a 
in comparison witht 
drive units. ; 
aa. 
Close-up of a portio 
of the gate hoist ma 
chinery, prior to in 
stallation. Hange 
bearings are placed o 
d eight foot centers. Tw 
$ couplings are used o 
l each shaft. Amerigec 
Coupling shown is on 


Built for the purpose of re-regulating the fluctuating discharges 
¢ffected by the “Detroit” Dam three miles upstream, the “Big Cliff” 
Dam is located on the North Santiam River in Oregon. One hundred 
eighty-two feet from foundation to deck, the Big Cliff Dam is con- 
trolled by four radial gates—no mean assignment against the forces 
of water roaring through the one hundred ninety-two foot ogee spill- 
way, out of a nearly three-mile reservoir. Four triple-reduction, 
herringbone -gear speed reducers, coupled with Amerigear HMC* 
Flexible Couplings -do-the job — fufilling every requirement for 
Precise, positive operation. Designed to operate effectively under 
sustained heavy loading or intermittent shock loading, Amerigear 
HMC* Couplings minimize the effects of any lateral or angular mis- 
alignment that may occur. Thus, efficient transmission of power, 
With minimum wear or maintenance, is assured. Similar power trans- 
Mission problems involving tight backlash requirements, space limita- 
tions or high speeds, can be solved with equal success by use of Ameri- 
gear HMC* Couplings. 


HMC* stands for High Misalignment Capacity; 
engineered into every Amerigear Coupling. 


Amerigeor Engineers are available to assist in engineering 
‘pecial applications and for adapting Amerigear Standard 
ype Couplings to solve your power transmission problems. 
Write for Catalog 501 and Bulletin 1052, or attach coupon to 
Your business letterhead. 


COPYRIGHT 1954 


ym AMERICAN FLEXIBLE COUPLING COMPANY 


he ERIE, PA., U. s. A. 
Affiliate: J. A. Zurn Mfg. Co. 


SALES OFFICES IN PRINCIPAL CITIES OF THE WORLD 
In Conoda: Canadian Zurn Engineering Ltd., 2052 St. Catherine St. W., Montreal 25, P. Q. 








of several standar 
types available. 


View of standard Am 
erigear Coupling pla 
ced between moto 
drive and speed redu 
cer and Cut-Out Typ 
Amerigear Coupling 
with Shifting Colla 
and lever betwee 
reducers. 


Artist's conception of Big Cliff Dam on North Santiam River 
Oregon. This 18,000 kilowatt project, and the Detroit Dam up 


stream, perform invaluable service in flood control, conserva 
tion and power production. 





Photos, courtesy of U. S. Corps of Engineers, Portland Distric | 


and Monarch Forge and Machine Works. | 


American Flexible Coupling Company, Erie, Pa., U.S. A. 
Please send me further information regarding AMERIGEAR 
COUPLINGS with the Patended Fully Crowned Tooth Form 
as described in Catalog No. 501 and Bulletin 1052. 


EE Oe er ey ae FEE a wventwibntrecceee 
rT er PL ees ee ee 
EE Gs 2.00 wise ckcedee+hoetacteateeeaehieeveened bee 
City . Wat's tnisie tek . ee 
Please attach to your business letterhead. 
Dept. 922 MD 







IN THIS 


HANDBOOK... 


100 WAYS 


to Improve 
Your Products 


Learn how to make your products 
lighter, smaller, stronger, more cor- 
rosion resistant, more heat resistant, 
and more attractive with Alloy Metal 
Wire, Rod and Strip. 

Send today for this new Hand- 
book. Contains 40 well-illustrated 
pages of useful design information, 
engineering data and application 
studies on our Nickel Alloys. 


ALLOY METAL WIRE DIVISION 


H. K. PORTER COMPANY, INC. 
of Pittsburgh 


PROSPECT PARK, PENNSYLVANIA 
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Materials Handling 






Hydraulic-Lift Hand Truck: Shop Caddy hand 
truck has a hydraulic lift capable of raising loads up 
to 500 lb. Four-speed pump ram permits setting lift- 
ing speed according to the load. Lifting platform in 
the down position is at floor level; lifting height is 
35 in. Platform is 16 x 20 in.; overall width, 23 in.; 
overall height, 50 in. Precision Equipment Co., Chi- 
cago, Ill. 

Die Pullers: Units with capacities ranging from 5 
to 50 tons are designed for use in automotive, air- 
craft and other stamping and forging plants using 
heavy presses. Hydraulic lift and hydraulic push- 
off permit inching action for accurate positioning of 
the platform and aligning of the die in the press. 
Each of two pusher arms can be operated independ- 
ently or simultaneously to facilitate positioning. 
Upright design using hydraulic lift provides unob- 
structed forward visibility for operator. Platform 
is low as a result of the placement of pulling mech- 
anism beside instead of underneath it. Elwell-Parker 
Electric Co., Cleveland, O. 
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Truck-Mounted Crane: Occupying 18 in. of space ; 
behind truck cab, Truck-Crane lifts up to 5000-lb V 
loads onto truck or deposits loads within a 16-ft, 280- & 
deg radius of the truck. Traveling carriage on boom D 
spots loads. During unloading, hydraulically con- D 
trolled outriggers stabilize the truck. Complete mech- it 
anism is hydraulic, with controls for boom, winch, 
carriage and outriggers operable from control panels tc 
on both sides of the truck. One hand lever reverses, Dp 
locks or operates the winch at desired speed. Model ce 
HB-£0 has horizontal boom with optional lengths up al 
to 16 ft; model EB-50 has a telescoping elevating fs 
b»0m with extensions up to 22 ft. Truck-Crane /nc., @ 
Chicago, Iil. w 

Parts Feeder: Available in three sizes, the largest 
of which is 24 in. in diameter, Tumble Hopper feeds b 
a variety of parts at a high rate. Production rate is h 
variable by means of integral variable-speed drive. M 
Typical parts fed by the machine are washers, nut ti 
blanks, nuts, special stampings and headed paris uP cc 
to %4-in. in diameter. Feedall Machine and Engier- eC 
ing Co., Willoughby, O. 
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Metalworking 





Tube Straightener: Operating at speeds fror: 60 
to 240 fpm, model 1% B modified tube straigh!ener 
accommodates tubes of various lengths and fro: 2 
to 3% in. OD. Straightening process is either a ©om- 
pletely automatic cycle of feed and delivery or is 
manually controlled. Unit employs five-roll prixiple 
of straightening in which a central pressure rvll is 
located between two sets of opposed rolls, eac!: set 
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Here’s Chrysler Power at work in the South Texas oil 
fields. This time it is four Chrysler Model 20 Industrial 
\-8 Engines working together as a single unit in a Stewart 
& Stevenson Quad Power Unit, in turn driving a mud 
pump. This particular Quad has supplied mud pump 
power for the drilling of ten oil wells in the eight months 
it has been in use. 


You see Stewart & Stevenson Quads in other fields, 
too, but nowhere do they encounter tougher jobs than 
pumping mud—or more important jobs either. The 
continued flow of mud down the hole being drilled is 
absolutely necessary if drilling is to continue uninter- 
rupted. That’s because mud serves several very important 
functions: it lubricates the drill bit, it removes bit 
cuttings, it seals the walls of the hole and it provides 
weight to prevent blowouts. 


Pumping mud requires great power on a continuous 
basis, power that can “roll”? with the heavy pulsating 
motion of the pump. The 331 cubic inch displacement 
Mode! 20 Engine is ideal for a multiple-engine installa- 
tion. [t meets the demand for high horsepower. It is a 
compact engine, easy to install, low in initial cost, and 
economical to operate and maintain. Parts are readily 
available, and at a fraction of the cost of competitive 
equipment. Each engine is supplied with a Chrysler 
gyrol Fluid Coupling which absorbs shock loading, 


Cc 


; = 
HORSEPOWER ge WITH A PEDIGREE 


quad power unit extends advantages of 
CHRYSLER Performance and Economy to new fields 


HSH RYVYVS LER Industral Engines 





AGRICULTURE * INDUSTRY *® CONSTRUCTION °* OIL FIELDS 






PHOTO COURTESY STEWART & STEVENSON SERVICES, INC., HOUSTON, TEXAS 






























thereby enabling smooth transmission of power from all 
four engines to the common power output shaft. One 
or more of the engines can be clutched out if less than 
maximum power is required. 


Check your power needs with a Chrysler Industrial 
Engine Dealer. Ask him about optional equipment too. 
Remember, Chrysler Power is not expensive. Production- 
line methods adapted to specialized industrial engine 
building provide a custom-built engine at mass- 
production prices. If you prefer, write: Dept. 610, Industrial 
Engine Division, Chrysler Corporation, Trenton, Michigan. 




















When it has to Run for Years and Years 





WITHOUT 
FAILURE! 


SPECIFY A LEIMAN VACUUM 
AND PRESSURE PUMP 


Put Leiman in Your Product Designs And 
Get Customer Reactions Like This: 





“Operating for 12 years without requiring 
any maintenance attention whatsoever except 
for lubrication.” 

“They never wear out—never give trouble.” 
“We've had a Leiman pump in almost con- 
tinous operation, 24 hours a day, for the last 
21 years. It’s as nearly noiseless as a pump can 
be ... absolutely reliable in every respect.” 


AUTOMATIC WING ADJUSTER 











4-WING TYPE 


Vacuums to 20”; pressures to 15 Ibs.; displace- 
ment to 162 cfm. Wings hinged to piston— 
centrifugal force maintains close, continuous 
contact to cylinder wall. Wings take up their 
own wear, insure positive pressure or vacuum. 
No composition material to require frequent 
renewal. Air chamber is large because of 
small piston size, giving unmatched capacity 


2-WING TYPE 
Vacuums to 29.9”; pressures to 25 Ibs.; dis- 
placement to 40.8 cfm. Blades cannot stick, 
because of exclusive Leiman automatic wing 
adjusting lever which forces each blade to 
meet cylinder wall, insures positive pressure 
or vacuum. Only steel blades (no composi- 
tion) are used. They take up their own wear, 








for size and weight of pump. deliver years of trouble-free service. 


Look to Leiman in designing products 
like vacuum packing and filling ma- 
chines ... paper feeding agitators... 
vacuum chucks .. . liquid transfer 
equipment ... or any other device re- 
quiring continuous, non-pulsating flow 
of air for vacuum or pressure. 


a> 
Write for catalog and special bulletin Sty 


on 60 representative applications. * 


LEIMAN BROS., 1 NC. 


148 Christie Street 






Newark 5, N. J. 
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having one driven and one idler roll. Entry table is 
a wood-lined, U-shaped trough, adjustable for height 
and incorporating an air-operated pusher carriage for 
feeding tubes. Pusher carriage is adjustable for 
various lengths. Exit table is an L-shaped trough, 
adjustable sideways as well as for height. Sutton 
Engineering Co., Bellefonte, Pa. 

Precision Press: Power-Di one-ton press has 1, -in. 
standard stroke, 3 to 6-in. shut height. It operates 
at the rate of 200 strokes per minute. Since punches 
and dies of any shape can be mounted in retainers 
which are automatically aligned in opposing ram and 
bolster members, die sets are not needed. Compact 
design makes possible setting several presses in 
series for simultaneous piercing, notching or forming 
operations on large sheets which otherwise would 
require use of larger dies and punch presses. Unit 
is available a= a bench or pedestal press or an opera- 
tional accessory for Swanson turret indexing units. 
Swanson Tool & Machine Products Inc., Erie, Pa. 

Rotary Bending Machine: No. 800-2-in. bender 
makes both right and left-hand bends, with ample 
clearance for bends on more than one plane. Capacity 
is 2% in. OD x 0.065-in. wall steel tubing, or 11 in. 
standard pipe. Forward and reverse rotation of the 
bending arm is controlled by one hydraulic valve. 
Arm swings through an arc from zero position to 
approximately 190 deg, allowing 10 deg overtravel 
as compensation for spring-back on a finished 180- 
deg bend. Separate hydraulic valve controls mandrel 
movement. Bending head operates at approximately 
8 rpm. Mandrel clearance is 102 in. Maximum radius 
adjustments are 10, 14, and 18 in. for 2%, 1% and 
1144, in. OD maximum tube size. Wallace Supplies Mfg. 
Co., Chicago, Ill. 

Resistance Solderers: Two Glo-Melt resistance 
soldering power units are rated at 500 and 1000 w. 
Both units are available for 115 and 230-v, 50 or 
60-cycle power supply. Three-way output terminals, 
combined with a rotary switch, provide 24 different 
controlled heats for all types of precise resistance 
soldering. Wassco Electric Products Corp., Joliet, Ill. 

Cylindrical Grinder: Designed for fast repetitive 
grinding as well as tool room work, machine has 
work capacity up to 4 in. diameter x 12 in. length; 
maximum recommended production grinding is 1% 
in. diameter. Workhead accommodates No. 1 Morse 
centers, both live and dead, as well as 4-in., three- 
jaw tapered draw-in chuck and quick-change collets 
up to 5%-in. capacity. Machine is equipped for both 
plunge and traverse feed grinding, with automatic 
infeed at the stops. Workhead speeds are variable 
from 125 to 610 rpm. American Herforder Corp. 
Chicago, Iil. 

Jig Borer: Model 3E, a 13-ton machine, is designed 
for precision locating, boring, milling and checking. 
Electronically controlled milling feeds are infinitely 
variable from 1 to 15 in. per minute. Rapid power 
travel of 60 in. per minute is provided. Eight spindle 
feeds ranging from 0.0005 to 0.015-in. per spindle re- 
volution, up or down, and 12 spindle speeds ranging 
from 30 to 1500 rpm are provided through a gear box 
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Veelos is known as Veelink in 
Canada and foreign countries. 


The Brown Boggs Foundry & 
Machine Company, Ltd., of 
Hamilton, Canada, who manu- 
factures this 200-ton Press, thor- 
oughly checked all types of v-belt. 
They wanted a v-belt that would 
give efficient, vibrationless, full 
power delivery. They wanted a 
v-belt that could be installed 
quickly and easily. Only Veelos 
met both requirements. And here’s 
what Brown Boggs says about 
their selection of Veelos... 


**“We feel that our own factory as- 


sembly has put this Press in the best 
operating condition. To eliminate the 
necessity for dismantling any part of 
the equipment, and for the user’s con- 
venience in changing belts, we have 
equipped the drive with Veelos 
V-Belting.” 


Brown Boggs selected Veelos even 
though it cost more than ordinary 
v-belt. They know, however, that 
“‘what’s best for their customer, 
is best for their business!” It will 
pay you to equip your machines 
with Veelos v-belt. Once you’ve 
done that you'll be an enthusi- 
astic Veelos user, too. 


Get the full story on Veelos... write today for 
your free copy of the VEELOS DATA BOOK. 


MANHEIM MANUFACTURING & BELTING COMPANY 
606 Manbel Street, Manheim, Penna. 


ADJUSTABLE TO ANY LENGTH - ADAPTABLE TO ANY DRIVE 


2ces 
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MOLDED 


GLASS PREFORMS 


— The ideal preforms for 
Iron Sealing and Kovar 
Sealing, matching the ex- 
pansion of these metals 
over their entire working 
range. They resist mercury 
attack, have ample me- 
chanical strength and seal 
readily. Our laboratory is 
prepared to assist you in 
selecting the proper glass 
for any metal. 


FORMULA 800 PREFORMS 


—Mansol’s newest develop- 
ment. Possesses extremely 
high bonding strength, with 
no shrinkage, on metals to 
metals and metals to non- 
metals. This is a new chem- 
ical resistant material of 
construction that warrants 
consideration when the 
properties of standard re- 
sin cements and coats are 
not adequate for the ser- 
vice desired. 


STEATITE PREFORMS 


— We specialize in small 
die-pressed ceramic parts 
held to closest tolerances. 
All tools and dies are made 
in our own shop to assure 
quick delivery. For immedi- 
ate attention to your order, 
contact Mansol today. 


FAST DELIVERY 






makes 
PERFECT 


from 


custom-made 
to exact 
specifications 








* Write to Dept. N. for your 
free brochure containing the 
complete story about 
preforms and our fa- 
cilities ready to serve 
you. No obligation, of 
course. 


MPMANSOL CERAMICS COMPANY 


14O LITTLE STREET 






BELLEVILLE WN 


CABLE ADDRESS — MANSOL 
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and four-speed motor. Table is 28 x 56 in.; travel is 
48 in. longitudinally and 28 in. transversely; maxi- 
mum height between table and spindle end is 30 in. 
Columns 6, 10 or 14 in. higher than standard can 
be furnished. Pratt & Whitney Div., Niles-Bement- 
Pond Co., West Hartford, Conn. 

Portable Power Saw: Guillotine type saw cuts 2 
to 8-in. cast iron and steel pipe, as well as bar stock 
and beams. It operates in 25-in. wide space and 
clamps to the pipe, which serves as a base. Cut is 
made at right angle to the pipe. Saw weighs 120 lb. 
E. H. Wachs Co., Chicago, IIl. 

Internal Grinder: German-made Jung precision 
grinder for all internal cylindrical shapes is capable 
of high output. Table traverse is variable up to 120 
strokes per minute, and interchangeable grinding 
spindles rotate at speed of 35,000 rpm. Dressing at- 
tachment permits plunge grinding of bullet, cartridge 
and similar dies and also grinds internal grooves of 
high-precision ball bearings. Machine can be fur- 
nished with face grinding attachment, with 75,000 
rpm spindle and as a simplified machine for plunge 
grinding only. Marac Machinery Corp., New York, 
N. Y. 

Welder: Available in 300, 400 and 500-amp NEMA- 
rated sizes, Fleetwelder Special is used for a wide 
range of ac production welding jobs. It is adaptable 
to sheet steel or heavy plate. Free-circuit reactor 
control of welding current is separate from the main 
transformer and can be adjusted continuously through 
a wide range of currents. Control is also sensitive to 
a wide range of welding conditions and is highly re- 
sponsive to changing arc conditions. Frame, core 
and case of machine are welded steel; copper windings 
have spun glass, refined asbestos and mica insulation 
and mica coil separators. Current-control mechanism 
operates through a double-reduction gear drive with a 
ball bearing shaft. Lincoln Electric Co., Cleveland, 0. 

Flat Lapping Machine: Complete lapping of work- 
piece in a single pass around the lap is made possible 
by bonded abrasive laps over cast-iron laps in No. 
36-F single-face Hyprolap. Semi-automatically fed 
machine operates continuously. Grit is washed away 
from work by a stream of filtered coolant on the ‘ap. 
Lapping action is interrupted only to true the bonded 
abrasive lap, which is done by a diamond held in 4 
variable-speed, power-operated truing arm. Tring 
speed is quickly adjusted. Machine can be arran zed 
for fully automatic continuous-feed operation. 0r- 
ton Co., Worcester, Mass. 


Plant Equipment 


Tank Type Filter: Kleenall filter combines a »2g- 
netic separator with a filtering area where the 00l- 
ant passes through fabric. Fluid is first expos: ! to 
intense magnetic field by passing through a low 
channel surrounding a rotating magnetic drum and 
then flows to the filtering area where it for is 4 
pool on a supported fabric apron. Mechanica! seal 
at the edges of the fabric permits formation of 4 
pool of coolant up to 5 in. in depth. Fabrics of © ary- 
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f Boyd he Hoe 


The hex socket identifies all socket screws, but beyond 
the hex there’s a big difference. If you have never tried 
P-K Socket Screws you are blocking you way to proved 
benefits other buyers are using to advantage. 

Look beyond the hex. For example, until you see P-K 
product information, you'll have no idea how helpful it 
is .. . how much time it saves . . . how much easier it 
makes the job. 


It pays to know the difference 


Compare every detail of product and service. You'll find 
P-K Socket Screws take top rating by every test. 

For cost-wise assembly, you need all these advantages. 
Why miss out on any of them? Try P-K Socket Screws. 
Get samples, information from your P-K Distributor or 
write: Parker-Kalon Division, General American Trans- 
portation Corporation, 200 Varick St., New York 14. 








ae FOR PLANNING AIDS P-k Engineer- 


ing Data meets every need of design, pro- 
ject, and methods engineers, gives anyone 
concerned with planning assemblies com- 
plete, clear, concise information. P-K Price 
Data speeds ordering routine, prevents 
errors. The P-K Socket Screw Dimension 
Finder shown in use is a pocket size plastic 
slide chart that gives all needed dimensions 
at a glance. 


44 FOR ADVANCED DESIGN 


that speeds assemblies — makes them 
simpler, stronger — and saves errors. 


ay FOR ASSEMBLY STRENGTH 


okayed in a million punishing tests by 
thousands of satisfied users. 


4H FOR PLANNING AIDS and 


buying data patterned to your spe- 
cial needs, plus advice on assembly. 


4 > FOR SUPPLY SERVICE set 


up for fast action and lower purchas- 
ing expense — by local Distributors. 


6 ? FOR ANY STYLE OR SIZE 


You'll find any Socket Screw you need 
in P-K’s complete line. Hex Keys in 
all sizes, and several handy sets. 


PARKER-KALON SOCKET SCREWS 


FLAT HEAD BUTTON HEAD SHOULDER PIPE PLUGS 





cet ALL 
THESE ESSENTIALS OF 
COST-WISE ASSEMBLY 


cet PK 


Dn Stoke ... for immediate delivery... see your nearby P-K Socket Screw Distributor 
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WISCONSIN 







4n-Caoted ENGINES 


In the design and manufacture of heavy-duty mechanized 
equipment, the power component must necessarily receive 








prime consideration ...on the sound premise that no machine 
is any better than the power that drives it. Here is tangible 
evidence of Wisconsin Heavy-Duty Air-Cooled Engine recog- 
nition by original equipment designers and builders: 









In 1953 a leading Design trade magazine conducted a sur- 
vey among 1902 manufacturing plants on the use of Internal 
Combustion Engines of less than 60 hp., as power compo- 
nents in equipment made for resale. 

Projected returns from 42.6% of plants contacted showed an 
estimated 678 plants using engines in the stated category, 
representing total engine purchases of 2,727,216. 


Answering the question: “Who makes the In- 
ternal Combustion Engines you Use?” 

Wisconsin Motor Corporation received 132 | 
mentions, as against 105 for the second place / 
builder, 56 for No. 3, 51 for No. 4 — ina list | 
of 41 classified engine manufacturers. 














This outstanding preference for Wisconsin Heavy-Duty 





Air-Cooled Engines (although limited to a power range 





TO FIT THE 
MACHINE 


of 3 to 36 hp. in a broad survey classification includ- 






ing ALL engines below 60 hp.) provides tangible evi- 
dence that “WISCONSIN” 
know engines best. We'd like to count you among them. 





rates first among men who 





















4-cylinder V-type 
15 to 36 hp. 


2-cylinder 
7 to 15 hp. 


WISCONSIN moren hanpedarsecrrare 


World Largest Builds of y Air-G 


MILWAUKEE 46, WISCONSIN 


Single-cylinder 
3 to 9 hp. 






yled Engin 






A 8080-14 V-3 
























New Machines 





ing densities are available to control the degree of 
coolant clarity. Rate of flow is controlled by a float 
mechanism which moves the fabric automatically 
when the liquid in the pool reaches a predetermined 
depth. Four models range in capacity from 15 to 60 
gpm, based on water-soluble coolants. Barnes Drill 
Co., Rockford, Ill. 

Temperature Control: Sterlco 6012 temperature 
control unit is suitable for applications requiring ac- 
curate, automatically controlled temperatures between 
60 and 210 F. Unit heats very rapidly and has adjust- 
able and automatic fast-reacting heating control, low 
water capacity, high water velocity and modulating 
cooling control. Typical uses include injection mold- 
ing machines, vacuum forming operations and sheet 
extruders. Normally used in a vertical position, unit 
is designed to operate in four horizontal positions. 
Sterling Inc., Milwaukee, Wis. 

Frequency Changers: Compact motor-generator fre- 
quency changers in 5, 7.5, 10 on 15-kw capacities 
convert 60-cycle current into a 180 or 360-cycle power 
source for operating high-cycle tools. Of two-bearing 
construction, units have motor rotor, exciter armature 
and revolving field mounted on a solid steel shaft 
which is dynamically balanced for quiet operation. 
Monitor top houses all motor and generator controls 
and instruments. Output voltage is little affected by 
voltage fluctuations in the incoming power supply. 
Regulation of output voltage is 3 per cent; frequency 
regulation is within 3 per cent. Motor Generator Corp., 
Troy, O. 

Corrosive-Liquid Pumps: Centrifgual pumps de- 
signed especially for handling corrosive liquids can 
be furnished with a fluid end of stainless steel (three 
optional types), iron, bronze, bronze fitted, iron with 
stainless trim, or bronze with stainless trim. Nine 
sizes range from % to 3 in., with capacities to 720 
gpm and heads to 200 ft. Support is cast integral 
with the bearing housing. Temperature limitation for 
operation of the pump is 350 F, with provisions for 
water cooling of the support head and quenching of 
the gland. Single or double mechanical seals, which 
also can be quenched, are optional. Stuffing box is on 
the suction side of the impeller. Suction and discharge 
connections are in the casing. Standard position of 
the suction and discharge openings is vertical, but 
the casing can be swiveled 90 deg either way, to pro- 
vide horizontal suction and discharge openings on 
either side. Goulds Pumps Inc., Seneca Falls, N. Y. 


Processing 


Injection Molding Machine: Designed to mold large 
parts, model 400-H-20 is a 20 to 28-oz machine and 
incorporates an automatic, compensating type weigh 
feeder. Injection unit, mounted on ways, is actuated 
by one hydraulic cylinder. Retraction, loading of in- 
jection nozzle and operation of positive sprue break 
are all hydraulically controlled. Dual injection pump 
permits two-speed or dual pressure injection and fea- 
tures a timed control which also permits reduction of 
injection pressure automatically after mold cavities 
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have been filled. Small, high-pressure axial piston 
pump is employed in the hydraulic circuit for develop- 
ing maximum clamp pressure. High-capacity, double- 
vane pump operates the clamp and injection rams. 
Straight-line, hydraulic mold clamp provides fast clos- 
ing and opening speeds with automatic adjustable 
slow-down prior to mold contact, at mold breakway 
and during ejection of the molded part. High-output 
plasticizing chamber is equipped with three pyro- 
meter-controlled heat zones. Hydraulic Press Mfg. Co., 
Mount Gilead, O. 


“Electric Oven: Operations such as annealing of 
glass and nonferrous metals, baking, brazing, curing, 
heat treating, normalizing and soldering are per- 
formed by universal electric oven through the use 
of several banks of heaters which are controlled by 
a three-way selector switch for obtaining high, med- 
ium or low heat. A large volume of heated air is 
moved at high velocity about the work being treated. 
A 10-in. recirculating fan located in the top of the 
oven blows the air down past the heaters which are 
located in the side walls. Heated air enters the work 
chamber, rises vertically across work and is returned 
to the fan. Pyrometer type instruments control tem- 
perature automatically. Interior of oven and fan are 
stainless steel. Shelves are adjustable. Interior size 
of oven is 24 x 24 x 22 in. wide. Oven operates on 
either 220 or 440-v current. Steiner-Ives Co., Union, 
N. J. 


Industrial Washing Machine: Drum cabinet model 
30 x 20, designed to process steel stampings and ma- 
chine parts, has a tumbling mesh drum for small 
stampings and a rocking cradle that will hold baskets 
of machined parts. Drum and baskets may be used 
alternately. Spray time is set by a timer, and the 
pump sprays detergent, followed by a clear rinse, at 
high pressure. Machine can be heated by gas or 
steam and is 414 ft long, 4 ft wide and 7 ft high. In- 
dustrial Washing Machine Corp., Matawan, N. J. 


Batch Type Ovens: Heavy-duty, convection type 
ovens can be either electric or gas-fired. Temperature 
uniformity throughout the work chamber is assured 
by system of air recirculation. Forced air penetrates 
to every part. Ovens are built for either horizontal 
air flow with heating elements located below work 
compartment, or vertical flow with heating elements 
in a plenum chamber in the rear. Air volume and 
positive exhaust and intake are adjustable. Burdett 
Mfg. Co., Chicago, MM. 

Balancing Machines: Horizontal static-dynamic bal- 
ancing machines indicate unbalance automatically for 
the selected plane of correction by means of highly 
Sensitive Electrodyne electronic indicating system. 
Angle and amount of unbalance are shown on two 
large meters in control panel. Plane of correction can 
be changed quickly with a pivot shifter which assures 
positive plane separation. Calibration of the indicat- 
ing system can be checked or changed with a screw- 
driver, and full scale on the amount meter can be set 
to indicate any desired amount of unbalance. Tinius 
Olsen Testing Machine Co., Willow Grove, Pa. 
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Shelf-Stock 


Service... 
based on these 2 
Standard Mounting, 
Class 1, Cushioned 
Cylinders 











LIST PRICES F.0.B. Milwaukee, Wisconsin 








STOCK STROKE LENGTHS — Double Acting Cylinders 























































te el” —i10”—s12” 18” 

1%.” 24.16 25.72 26.08 26.44 27.16 27.88 28.60 29.32 30.40 

2” 26.24 27.88 28.32 28.76 29.64 30.52 31.40 32.28 33.60 

2%." 32.36 34.12 34.68 35.24 36.36 37.48 38.60 39.72 41.40 

3” 35.04 37.28 37.92 38.56 39.84 41.12 42.40 43.68 45.60 

a” 40.84 43.68 44.52 45.36 47.04 48.72 50.40 52.08 54.60 | 
| 

4¥," 48.96 51.92 52.88 53.84 55.76 57.68 59.60 61 52 64.40 

6” 66.60 70.80 72.20 73.60 76.40 79.20 82.00 84.80 89.00 

8” seecceeee 4126.80 129.20 131.60 136.40 141.20 146.00 150.80 158.00 











By specifying NOPAK Shelf-stock, you buy quality cylinders 

at the lowest possible prices, you eliminate waiting for 
“specials”, reduce engineering costs. Compare the prices 
and scope of NOPAK Shelf-stock (142 x 1” to 8 x 15”) with 
competitive offerings — and you will specify NOPAK. 

@ Basic mountings “A” or “E” convertible to “B", “C”, “D” 

or “F”, (see below) by changing cylinder heads. Add 10% 

to above prices, (no extra charge 8” bore). @ Piston Rods NF 
male thread. @ Cushioning can be eliminated on rod, blank 

or both ends by removing spring and ball-check. 

NOPAK 4-Way Valves, hand, foot, solenoid, or pilot oper- 
ated, to actuate all cylinders, also in Shelf-stock. 

F GALLAND-HENNING NOPAK 
2752 SOUTH 31st STREET 
MILWAUKEE 46, WIS. 





























TEAR OUT THIS! 
AD for Reference, 
— or write for! 
extra copies. | 
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What has an ack-ack shell fuze to do with your present problem? 
Plenty...as you'll see 


You'll find this “flash channel” in time-and-point deto- 
nated shell fuzes that make our antiaircraft guns deadly to 
enemy planes. 

The channel is Superior tubing—lead-pencil size. Along it 
races the flash-through—from point detonator to main 
powder charge—that explodes the shell on impact. The 
same tubing serves as a pinion in the gear train of a 
mechanical detonator, which explodes the shell at a set 
altitude. Result: double deadliness for ack-ack. 

What about your problems? Wait just a moment... 

Trouble was that flash-through must travel a perfectly 
straight path to prevent misfires. Ordnance had the dickens’ 
own time with this problem. Flash channels of drilled bar 
stock proved untrustworthy. And it wasn’t until Ordnance 
called on Superior that the puzzle was licked. A special 
grade of heavy wall Superior tubing—precision drawn 
Type C1118 carbon steel—proved perfect for the multiple 


close-tolerance machining needed to make the fuze part. 
Now! You may need tubing made with the same accuracy 
essential in flash channels. And much of it may require 
special dimensions, shapes, even analyses. Superior makes a 
specialty of such special tubing. For example, you'll encounter 
Superior tubing in hypodermic needles, heat exchanger 
coils, truck wheel bushings, jet-engine ignition harness, and 
electronic parts of many kinds. 
Superior will be happy to work with you 
in developing, designing and producing the 
tubing you need. If you have a problem Va 
involving tubing, get in touch with us. © 
Write for a FREE copy of Superior’s 40 E 
page Carbon and Alloy Steel Catalog 
and more information on special tubing. 
Superior Tube Company, 2010 German- 
town Ave., Norristown, Pa. 


Round and shaped tubing available in Carbon, Alloy and Stainless Steels; Nickel and Nickel Alloys; Beryllium Copper; Titanium; Zirconiun 


Syoerir Jude 


All analyses .010” 
to %” O.D. 
Certain analyses in 
light walls up to 
2%” O.D. 


THE BIG NAME IN SMALL TUBING 


West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif.* RAymond 3-1331 


MACHINE DESIGN—October 1954 








